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FACTORS IN THE SELECTION OF LOCOMO- 
TIVES IN RELATION TO THE ECONOMICS 
OF RAILWAY OPERATION 
By O. 5S. Beyer, Jr., Chicago, Lil 
Non-Member 


The problem of locomotive design IS Con paratively simple 
When it is clearly known What tis desired. Phe possibility ol 
effecting operating results by the introduction of improved loco 
motives alone, or by their use in connection with such changes 
aus grade revision, Is not as Fully appreciated as it ought to be. 
To make an intelligent selection of motive power for a rail 
road, it is necessary to study the effect which various types 
and sizes of locomotives will have on operating expenses and 
fixed charges. Statistics published by the Interstate Commerce 
Commission covering the entire railroad field of the United 
States show that 55 per cent of the operating expenses are 
affected more or less directly by the motive power. 

2 The wide range of motive power now available will have 
to be considered in future double track and relocation work, grade 
reduction, elimination of rise and fall, and curvature and distance, 
in order to effect the greatest economy) possible for the capital 
expended. It should no longer be necessar\ when relocating a 
division t 


increase its capacity and reduce operating expenses, 
to go to extren ely heavy capital expenditures to reduce grades to 
the minimum of 0.2 or 0.3 per cent., as it is usually much cheaper 
to provide locomotives of greater power. 
3 ‘The main steps in the careful selection of motive power 
may be diy ided into the consideration and study of : 
a the service 


4 the nature of the business 
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the topegraphy of the road, train speed and tram 
resistances 


a the types and sizes of locomotives available 


unprovements to the permanent plant 
] effect of Various types and sizes of locomotives on 
operating expenses 
7, final selection of most economical type and size of 
locomotive 
rHE SERVICE 
| Motive power is used in three general classes of service, 
namely, passenger, freight, and switching. 
5 Passenger service may be further 


subdivided into the 
following classes: High 


speed or through service, and subur 
ban or local service. 

6 Freight SerV1ICe hay be subdivided into slow or drag Se] 
vice, fast freight service, and pusher service. 

7 Consideration of the service will determine whether the 
engines are to be built suitable for just one class or for a com 


bination of classes, such, for instance, as switch and helper 


service, slow and fast freight service, freight and helper service 
or passenger and freight service. This Foes hand in hand with 
the consideration of some of the other features, notably the 
amount of and the different kinds of business, the size and 
types of engines avallable, and the effect of the engines under 


consideration on operating expenses. 


NATURE OF THE BUSINESS 


8 The special nature of the business, while intimately re 
lated to the general service for which the engines are intended 


deserves some particular consideration. Through passenger 
service, for instance, may vary between long distance high-speed 
hauls, and slow speed frequent stops hauls. Freight service, 
especially, may vary between hauling almost exclusively trains 
of low class bulk commodities, such as coal and iron ore, which 
generally move in well built high capacity steel cars at slow 
speeds, and hauling trains of a decidedly mixed nature, loads 
and empties, box, furniture, flat, automobile, gondola and stock 
cars, which are not of high carrying capacity and are seldom 
fully loaded, resulting in trains of great length when any larg: 


amounts of tonnage are hauled. Due to the generally inferior 
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construction of cars which Compose a mixed train, the weakness 
of the draft rigging of the older cars, the limitations of the older 
types of air-brake equipment, and the tendency to long trains 
when heavy tonnage is handled on railroads where this class of 
business is general, the motive power problem assumes an aspect 
entirely different from that on roads where the business is of the 
nature first mentioned. 

9 In switching service the demand may vary between straight 
yard work and hump work, and in pusher service it may var) 
between passenger pusher and freight pusher work. 

PrOPOGRAPHY, TRAIN SPEED AND TRAIN RESISTANCI 

10 ‘The consideration of the topography, train speeds, and 
train resistance of the territory in which the new engines are 
to operate will at this time only take recognition of hauling 
capacities and train lengths. ‘The extensive research work 
recently conducted by many eminent investigators, railroads, 
und locomotives builders furnishes reliable information and 
data from which to determine very exactly what the hauling 
capacities of different types and sizes of locomotives are, and 
the speeds and resistances of the trains which can be hauled by 
them. 

11 The hauling capacity at different speeds depends on the 
sustained tractive effort, which in turn depends upon the boiler 
capacity and the engine efficiency. Locomotives intended for 
high-speed service should have high sustained tractive efforts. 
Locomotives for heavy drag and switching service should have 
high tractive efforts at slow speeds, and may sacrifice high 
sustained tractive efforts at high speeds in order to attain this 
end. When selecting locomotives to meet certain conditions in 
regard to train weights, train speeds and opposing grades, it 
is necessary to analyze the situation from this standpoint. 

12 Passenger Engines. Grades, speeds, and train resistances 
must be very thoroughly considered when new passenger engines 
are to be purchased. Passenger engines are intended for high 
speed work. Modern operating conditions frequently present 
cases Of heavy trains composed of all steel cars. The weight 
of passenger cars, due to the desirability of greater passenger 
carrying capacity and heavier construction, is rapidly increas 
ing. Hence, the most essential quality to be provided in a 
passenger engine is the ability to maintain large sustained 
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tractive efforts at high speeds, as well as high starting eilorts 
at low speeds. This ability of a passenger engine is secured 
by providing ample boiler capacity and good steam engine 
efliciency. The ability of a passenger engine to accelerate 
rapidly is another quality which must be considered, particularly 
if the engine is to be engaged in service in which stops are 
frequent. The power required for high rates of acceleration, 
especially on grades, with heavy passenger trains is enormous. 
Since the locomotive power available is limited principally by 
the steaming capacity of the boiler, the larger this steaming 
capacity the sooner will the engine be enabled to reach its 
maximum speed. 

13 Freight Engines. Freight and pusher engines are en 
gaged in a service which requires at the critical time very high 
tractive efforts at slow speeds. ‘This depends to a large extent 
upon the weight placed on the drivers and the total welght of 
such engines must thus be so distributed that a relatively larg 
weight falls on the drivers. With the cylinder and driver dimen 
sions and the boiler pressure so arranged that the maximum tra 
tive effort at the rim of the drivers equals 22 to 25 per cent 
of the weight on the drivers, a satisfactory combination for 
an engine for ordinary freight service is secured. 

14 Modern conditions demand an increase in fast freight 
service and relatively large sustained tractive eflorts at high 
speeds over heavy grades are becoming more necessary than 
ever. Locomotives for fast freight service only may afford 
to sacrifice some initial tractive effort for the sake of having 
recourse to a proportionately larger heating surface when great 
quantities of steam are necessary at high speeds. Pusher 
engines and road engines, on the other hand, intended exclusively 
for slow service may be permitted to have a large tractive etfort 
capacity at slow speeds with a sacrifice in high sustained tractive 
efforts at high speeds. 

15 The large majority of freight engines purchased are 
intended for a service which is a combination of fast freight 
and drag or slow freight service. Under these circumstances 
it is usually desirable to get as large a steaming capacity as 
possible consistent with a high tractive effort at low speeds. In 
cidentally. engines with cood steaming capacities when oper 


ated with heavy tonnage trains are proportionately more econ 
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omical in fuel and water consumption, as well as capable of 
maintaining a higher average speed over the entire division. 

16 Consideration of the topography of the railroad and the 
hauling capacity of freight locomotives presents the problem 
of permissible train lengths. If the territory over which the loco 
motives are to operate Is, lO a large extent, a succession of many 
sags and pitches and contains several momentum grades, the 
continual running in and out of the slack between the cars Is a 
serious matter and tends to limit the length of the train and 
the amount of tonnage per train which can be hauled. The 
nature of the business, whether it is ore, coal or pig iron moving 
inh high Capacity modern steel cars, o1 general merchandise 
moving in box cars, refrigerators, small capacity gondolas or 
other similar cars has a further bearing on this feature. The 
lower the average total car weights of trains the longer the 
trains when large amounts of tonnage per train are hauled. 
The introduction of high Capacity friction draft gears, steel 
inderframes, and improved air brakes are tending steadily 
to minimize the difficulty of operating very long trains. The 


perfection of the variable load brake ire help further iT) this 
lirection. Cases are on record where trains of 90 and even more 
loaded cars, each car weighing 70 tons, have been hauled with 
SUCCESS. Prains of 125 empty cars are not unusual in daily 
operation. Most of these extremely long trains are running 


over territories whose grades are low, or which have no broken 
profile. Furthermore the nature of the lading hauled in these 
exceedingly long heavy trains, is such that, should any heavy 
shocks occur, the lading cannot be damaged. Cars filled with 
automobiles, furniture, or general merchandise or flat cars loaded 
with agricultural machinery are different and must be handled 
with greater care in shorter trains. Every district for which mo 
tive power is intended presents certain little peculiarities when 
advisable train lengths are considered. Experience in the opera 
tion of trains hauled by the older types of locomotives must 
assist in determining the final answer to this question. As 
a rule there are a great many circumstances, such as the capacity 
of the side tracks and other conditions of the permanent way, 
which are apt to limit the length of trains before the profile 
conditions establish limitations. 





| 
| 
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SIZES AND TYVES OF LOCOMOTIVES 

17 Passenger Locomotives. The principal types of locomo- 
tives available for passenger service are the Atlantic (4-4-2) 
type and the Pacific (4-6-2) type. The American (4-4-0) type, 
the Ten-Wheel (4-6-0) type, and the Prairie (2-6-2) type have 
been employed to some extent, but except in unusual cases are 
not of special advantage. The latest development in passenger 
engines for severe mountain service is the Mountain (4-8-2) 
type. In some special cases, such as exceedingly heavy moun- 
tain service, the Mallet engine has been used. 

18 The Atlantic (4-4-2) type locomotive is usually best 
udapted to a service in which the trains weigh about 300 to 
350 tons behind the tender and the grades encountered are 
relatively light. Owing to its wheel arrangement it permits of 
u boiler of ample capacity in proportion to the cylinders. It 
has a short rigid wheel base and a short total wheel base. To 
get very high initial tractive efforts with locomotives of this 
type means exceptionally high axle loads, which are undesirable. 
Hence, when high initial and sustained tractive efforts are re 
quired for heavy trains weighing over 350 tons behind the tender 
and operating over heavy grades, the Pacific (4-6-2) type is 
usually found to be better. The wheel arrangement of this type 
permits a still larger boiler, greater total weight on drivers with 
lower average axle loads, and larger cylinders. In general, the 
full utilization of these features results in both higher initial and 
higher sustained tractive efforts, combined with better accelera 
tive qualities. 

19 For exceptionally heavy mountain service the Mountain 
type permits of still larger boiler capacities and greater total 
weights on drivers, and hence still higher tractive efforts. Sev 
eral engines of this kind are in service on the Chesapeake and 
Ohio Railway hauling trains weighing 600 to 650 tons over 
grades of 70 ft. per mile at 25 to 26 miles per hour. 

20 Mallet engines have been introduced to a limited extent 
in passenger service. The Central Pacific Railroad has 12 
Mallets which are hauling passenger trains on grades 116 ft. per 
mile and 40 miles long. The Atchison, Topeka and Santa Fe 
Railway has two Mallet compound engines which were built 
to haul passenger trains. The service in both these cases is 
very severe and rather exceptional. 
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21 The Atlantic and Pacific type engines, under modern 
operating conditions, are, for high-speed and high-capacity pas- 
senger service, the most desirable types. Under certain special 
circumstances, long continuous opposing grades may justify 
compounding in connection with these engines. The introduc- 
tion of the high temperature superheater and the sectional brick 
arch have helped materially to increase the capacity, fuel 
economy, and efliciency of passenger engines. ‘The limitations 
of Atlantic and Pacific type passenger engines are principally 
controlled by the permissible wheel loads. When 60,000 to 
63,000 lb. per pair of drivers is once reached, it is questionable, 
from many points of view, whether it is wise to go still higher. 
Ilence, when greater tractive efforts are lecessary than can be 
ecured from an engine with 180,000 to 190,000 Ib. on drivers 
it becomes a question of either reducing schedules, double head- 
ing, or introducing locomotives with an additional pair of 
drivers. Table 1 summarizes the principal dimensions of typical 
passenger locomotives. 

rays Freight Locomotives. Recent developments have made 
aVallable an exceptional field from which LO select locomotives 
for freight service. It seems limited not so much by the extent 
to which it is possible to build freight engines as it is by the 
physical restrictions of the permanent way, the nature of the 
freight business hauled, length of trains, and topography of the 
road. ‘These limitations are, of course, mostly very serious, and, 
as far as track gage is concerned, insurmountable, except perhaps 
Ilk SOME special Cases. 

23 Many Moguls (2-6-0), Ten-Wheel (4-6-0) and Prairie 
(2-6-2) type locomotives are in freight service today. Their 
capacities, especially the Mogul and 'Ten-Wheel types, are hardly 
adequate for modern service conditions. The Prairie type, due 
to the possibility of equipping it with a liberal boiler and liberal 
grate area, has a few advantages over the others. 

24 The type of locomotive which has been the standard on 
many of the American railroads in the past ten years is the 
Consolidation, or (2-8-0) type. It has been called upon to 
perform in services ranging from emergency passenger to slow 
heavy pusher and switching service. Engines of this type are 
being built for heavy and exacting freight service and their 
possibilities have not been exhausted. They utilize nearly the 
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total weight of the engine for adhesive purposes. A leading 
truck of two wheels only is provided permitting of a slightly 
extended boiler and taking from the drivers only weight enough 
to secure good guiding qualities. The steaming capacity, firebox 
size and grate area are necessarily limited, since the entire boiler 
and firebox must be carried over the drivers. ‘The handicap 
imposed by the boiler limitations has not, until recently, been 
very serious. 

25 Engines of the Consolidation type, having a maximum 
tractive power of 60,900 lb. are in service today. The diamete 
of their drivers is small, 54 in., and their total heating surface 


compared with the equivalent heating surface of a Mikado en 


pine having the same tractive elfort is but 70 per cent. The 
piston speed of these large Consolidation engines. ‘ pared 


ith the \I Kado engihe, are Cons lerably higthe! 
26 The perfection ot the high temperature superheater, the 


Orick ar h. and the Gaaines combustion chamber opens up further 
| 


opportunities for the Consolidation engine. ‘The application 
oft the superhi iter results Im increased ¢ ipa C\ which corres 
ponds, roughly, to a 25 per cent larger boiler capacity than 
it Wis poss ble te provide In connection with saturated steam 
enone Phe dy whet permit nereased a nts of heat 
to be utilized trot the Tuel burned on restricted grate area 

It should be possible to build Consolidation engines with good 


steaming capacities and economical fuel requirements that can 
develop as high as 54,000 Ib. maximum tractive effort. 

27» ~=~An ollshoot from the successful Consolidation freight en 
gine is the 12-wheel or (4-8-0) type. ‘This type has not been 
widely introduced. lt has an undesirable ratio between total 
weight and adhesive weight. ‘The increase in the length of 
boiler made possible by the four-wheel truck in place of the two 
wheel truck of the Consolidation engine nets but little in the 
direction of increased boiler capacity. The increase in the 
heating surface of the boiler is at the wrong end. To improve 
the steaming capaci of the Consolidation engin { neces 


Se 


sary to introduce modifications at the firebox end 
28 The introduction of such modifications 


as resulted in 
the Mikado (2-8-2) type engine. By placing a trailing truck 
underneath the firebox better boiler construction becomes pos 


sible; also a decided increase in effective heating surface, a 
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deeper throat sheet and wider water legs are secured. However, 
as large a proportion of the total weight of the engine is not 
utilized for adhesive purposes as with the Consolidation type. 
By moving the firebox behind the drivers, it also becomes pos- 
sible to enlarge the boiler diameter, and to increase the relative 
diameter of drivers, thereby permitting of lower piston speeds. 
The general construction of the Mikado locomotive is such that it 
permits of very ample steaming capacity and thus of high sus 
tained tractive efforts. ‘The application of the superheater and 
brick arch has further increased its capacity in this direction. 
[It is most admirably suited to haul slow maximum tonnage 
freight trains one day and fast freight trains the next, a con 
dition frequently met in railroad operation. 


29 The size of Mikado locomotives for most roads is princi 
pally limited by the allowable weights on drivers. It seems to 


be generally considered that an individual axle load of 60,000 
lb. for the better conditions of roadbed, as they are met with 
today, is very nearly the largest permissible. If so the Mikado 
engine, as far as size is concerned, has very nearly reached its 
limit, and the demand for still larger engines will have to be met 
either by introducing another pair of drivers, making five pairs 
in all, or by resorting to the Mallet type. With their weight on 
drivers limited to about 60,000 lb. per pair, it is possible to 
build Mikados which have a maximum tractive effort of 60,800 
lb. with very favorable sustaining qualities at high speeds. 
The utilization of the superheater and brick arch in connection 
with the well proportioned boiler and efficiently designed engine 
make it possible for this size of locomotive to be operated with 
out requiring excessive amounts of fuel so that one fireman 
can handle all that is needed. 

30 To get still larger capacities than are provided by the 
Consolidation and Mikado types, the Decapod (2-10-0) and the 
Santa Fé (2-10-2) types are available. The Decapod (2-10-0) 
type, like the Consolidation and 12-wheel types, has limitations 
as regards boiler capacity, in consequence of which it is practi 
cally adapted to slow service only. Its high proportion of weight 
on drivers, giving it a high ratio of adhesion is of advantage for 
this kind of service. The Santa Fé type permits of better boiler 
proportions than those of the Decapod tvpe, just as the Mikado 
is better than the Consolidation. The additional pair of drivers 
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enables a tractive effort about 20 to 25 per cent greater than can 
be secured from the Mikado engine. Allowing 60,000 lb. per pair, 
the maximum tractive effort possible should be about 73,000 to 
79,000 |b., barring cylinder limitations. Several engines of this 
type now in service deliver a maximum tractive effort of 71,000 
lb. It is reported that they can be handled by one fireman with 
out unduly taxing him. 

31 Locomotives with five pairs of coupled wheels have an 
exceedingly long rigid wheel base. This would introduce many 
complications should they be placed Onl territories where track 
curvature Is frequent or severe. Furthermore, the exceptionally 
heavy pressures on the main pins and the heavy reciprocating 
parts justify expectation of maintenance difficulties. The long 
wheel base and the large number of heavy wheel loads in rigid 
order. may be proportionately harder on the track than is the 
case with large Mikado engines. 

32 Another type of engine which deserves consideration for 
freight service is the Mountain (4-8-2) type, which is similar 
to the Mikado in all its characteristics. Where fast freight ser- 
VICE is abundant and high speed is frequent the additional 
advantages in guiding qualities secured by the four-wheel lead- 
ing truck and the slightly increased boiler capacity are im- 
portant. 

Oo The Pacific tvpe engine for exclusive fast freight service, 
where grades are not severe and where this kind of service is 
heavy, Isa very desirable t\ pe. A large number of these engines 
have been built for this service and are @iving an excellent ac 
count of themselves. 

34 ‘The Mallet tvpe offers quite as wide a field to choose from 
as the Pacific, Consolidation, Mikado, and Santa Fé types com 
bined. Mallet locomotives have heen built on both the com 
pound and the simple principle. The wheel arrangement per- 
mits of a great number of practical combinations. The applica 
tion of the superheater and brick arch, feedwater heater and 
reheater. te cether with well proportic ned boilers and the com 
pound feature has made possible units of large size and of good 
drawbar pull characteristics at different speeds. At the same 
time Mallets are economical in fuel consumption. The arrange 
ment of the drivers in two independent sets, and the division of 
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the total engine weight over these two sets permits readily of 
meeting track and axle load limitations. Hence these engines 
offer a large field from which to make selection when the re 
strictions of the permanent plant are such that they cannot 
be overcome except by heavy expenditures. 

35 =©Mallet engines Can be built to deliver a maximum tractive 
effort of 140,000 lb. This would mean engines with ten pairs 
of drivers, each having an average load of about 60,000 lb. As 
long as 60,000 lb. remains the maximum average practical wheel 
load, while track curvature remains a consideration, and the 
gage of the track remains at 4 ft. 51, in., thereby limiting the 
height of the center of gravity of engines, it is questionable 
whether an engine much larger than this can be built. It is not 
a size which has been reached today, although there are Mallet 
engines in service which have ten palrs of drivers. 

36 A large number of Mallet locomotives are in road and 
pusher service whose tractive effort working compound range 
from 73.000 Ib. to 105.500 Ib. They are meeting with success 
from the fuel, operating, and maintenance standpoints. ‘The 
largest number of drivers under the engines referred to is eight 
pairs, the average weight per pair under the largest one being 
58,560 Ib. Hence, 105,500 |b. tractive effort is not far from 
the maximum possible with eight pairs of drivers allowing 
60,000 Ib. per pair. 

3¢ ‘Table 2 summarizes the principal dimensions and charac- 
teristics of typical freight locomotives. 

38 Switch Locomotives. The types of switching locomotives 
available range from the six-wheel coupled to the ten-wheel 
coupled. Recently a Mallet compound engine has been placed 
in hump yard service by the St. Louis, Iron Mountain and 
Southern Railroad in order that long trains may be handled 
without breaking them up. Switching locomotives of five pairs 
of drivers have a rather long rigid wheel base, perhaps too long 
for the average yard conditions as they exist on many roads 
today. Locomotives with four pairs ot wheels have a more 
suitable wheel base, and are capable of delivering comparatively 
high tractive powers. Locomotives of three pairs of drivers are 
the most universal in service today. Table 3 summarizes the 
general dimensions of typical switch engines. 
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THE PERMANENT PLANT AND ITS RELATION TO MOTIVE POWER 
SELECTION 

39 ‘The permanent plant of a railway as related to the motive 
power is the track, bridges, passing sidings, terminal yards, 
engine terminals, including the roundhouses, turntables, coaling 
stations, watering cranes, ash plant and sanding facilities, and 
the locomotive repair shops. It has been shown what a wide 
range of motive power is available from which selections may 
be made for any class of service. In order that the possibilities 
of this large field may be fully realized it becomes necessary 
to study carefully the various changes in the permanent plant to 
be considered in connection with the introduction of different 
types and sizes of engines. Such a study will oftentimes show 
that improvements made to the permanent plant at limited cost 
will permit of utilizing motive power which will etlect a con 
siderable saving in operating expenses, thereby fully justifying 
the expenditure. 

10 Zrack. ‘The improvement of the track with a view of 
making possible higher train speeds and heavier axle loads is 
a complicated problem. ‘Track improvements such as laying 
heavier rails, respacing of ties, increasing the carrying power 
of the sub-grade by drainage, deepening and improving the 
nature of the ballast are continually under way. ‘The tendency 
is to strengthen and improve track as rapidly as earnings will 
permit, so that full advantage may be taken of all that is offered 
in the way of possibilities to increase engine capacities and 
train tonnage. ‘The state of good track today, laid with 90 and 
100 pound rail, is such that it readily allows 60,000 lb. axle loads, 
which is about as high on the average as it is advisable to go. 
While the track may be such that, should heavy wheel loads be 
imposed, it would result in increasing the maintenance costs, 
the tendency may nevertheless be to improve this lighter track 
in the near future by introducing ballast and relaying the lighter 
rail with heavier. In such cases, and they are very prevalent, 
the present track conditions should not be permitted to limit 
the motive power sizes too greatly because of the economical 
advantages of increased train loads. 

41 Bridges not only restrict the individual axle load, but also 
the total weight. Moderate expenditures in the direction of 
bridge improvement, plus the regular program of bridge 
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renewals and improvements mzy permit of taking advantage 


of a type of locomotive which would effect economies in operat 
ing expenses that would more than pay for the unusual improve 
ment expenses incurred. 

42. Yards and Passimg Sidings. Unless the yards and pass 
ing sidings are adequate to take care of longer trains the im 
provements expected by the introduction of larger locomotives 
will not materialize and the operating expenses will show but 
little decrease. The long trains are apt to be tied up and block 
ades will occur which are expensive as well as demoralizing. 

43 Locomotive Terminals. Except for side and overhead 
clearances, the coal chutes, watering cranes, sanding and ash 
handling facilities, will have but little effect on the choice of new 
locomotives. Ash pit construction may need a little modification 
to permit of heavier wheel loads. ‘The roundhouse may be inade 
quate to permit of housing the larger engines suitably. The turn 
table may be too short or too light to turn the heavier engines. 
Limited or inadequate locomotive terminals, in part or in whole, 
should not be permitted to stand in the way of introducing the 
most economical locomotive available. It is hecoming more gen 
erally recognized that as motive power increases in size it be 
comes relatively more important and economical to provide 
means at locomotive terminals whereby the turning of power is 
expedited. 

44 Shop Facilities. It would be manifestly impractical for 
a railway to undertake to rebuild its entire shops for the sake 
of handling a very large engine of the Mallet type. As a rule, 
however. especially on the larger roads, the present shopping 
facilities are such that a railway, from this point of view, should 
find but few limitations to the size of locomotives it may find de 
sirable to operate. Then again the adopted program of shop 
facility renewals and modifications, continually necessary as busi 
ness keeps growing and old parts of the shops depreciate, tend 
to take away from the seriousness of this consideration. 

15 Clearances. Clearances through cuts, of water cranes. 
buildings, and other fixed structures along the right of way have 
some effect in determining the size of the engine to be selected. 
as well as the amount of the expenditures to be made for im 
provement. 
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rHE RELATION OF OPERATING EXPENSES TO THE SELECTION OF MOTIVE 
POWER 


46 The effect of the selection of locomotives for passenger 
and switching service on operating expenses does not play as 
important a role as it does in the selection of engines for freight 
service. ‘The choice of passenger and switch engines is deter 
mined very largely by imposed conditions resulting from cir 
cumstances peculiar to the nature of these two kinds of service. 
Larger and heavier switch engines are usually made necessary 
by heavier trains handled in the yards. The demand for larger 
and improved passenger engines results from the necessity of 
maintaining high speeds with trains which are growing in 
weight due to the introduction of steel equipment and more cars. 
It should be observed, however, that the economy of the various 
types of engines available, from the fuel, lubricating, and main 
tenance points of view has an important bearing on the ultimate 
selection. ‘That type and size of engine should be chosen whicn 
will operate with the least expense for fuel, water, and repairs. 
and which will keep as low as possible, consistent with the size of 
the engine In regard to the service requirements for the present 
and the future, the expeditures for Improvement to the permanent 
plant. 

17 In the selection of power for freight service the effect 
of the various types and sizes on the operating costs should 
go a long way towards determining the most economical engine 
to choose. The largest part of the gross revenue of railways 
results from freight transportation, and the greatest propor 
tion of their operating expenses are consumed in conducting 
this transportation. The nature of freight service permits a 
much oreater flexibility as far as choice of the motive power Is 
converned. A study should be made to determine which type 
and size will etlect the greatest net sa\ ing in operating expenses 
after deducting all overhead and additional maintenance charges 
resulting from the improvements necessitated by the introduc 
tion of the engine. Only by such a study as this in conjunction 
with considering the service conditions and the tendency of 
future development can the ultimate selection be made with 
anv degree of correctness. 
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fs ‘The items of operating costs and overhead charges which 


should be considered in such a study are the following: 


a Transportation eXpelses 
luel 
Water 
Lubricants for locomotives 
Other supplies for locomotives 
Kk nginehouse expenses 
Train supplhes and expenses 
Knginemen’s Wages 


Trainmen’s wages 


4 Maintenance of equipment 
Locomotive repairs 
Freight train car repairs 
Maintenance of way and structures 
Ballast 
Ties 
Rail 
Other track material 
Labor, roadway and track 
Bridges, trestles and culverts 
Buildings, fixtures and grounds 
Overhead charges 
Interest on locomotives and Improvements to pet . 
manent plant 
Depreciation of locomotives and lmiprovement I 
permanent plant 
Taxes and Insurance on locomotives ana hiprove 
ments to permanent plant. 
Id ‘To attempt to discuss within the limits of this paper the ' 
effect of locomotive types and sizes on each one of the itens 


of railway expenses concerned would be impossible. Wellington, 


Webb, and Henderson have formulated many of the principle: 


involved and reference to the works of these men will reveal! 


considerable valuable data and informatien on this subject. The 
statistics kept by the individual railways will furnish additional 
information hecessary for the analysis. The application ot 


] 


logical reasoning and the use of recent lata established by both 





laboratory and service tests will further aid in making correc 





comparisons. The suggestions regarding the various items of 
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expenses and their relation to motive power selection will there 
fore be general and seek rather to point out the inherent ten 
dencies of these expenses and their importance. 

50 Fuel. Fuel is the largest single item of locomotive ope 
ating expenses and therefore the most important. ‘The fuel con- 
sumption may be divided into the following classes: (a) fuel 
used while actually working on the road; (4) fuel used while 
drifting and waiting; (¢) fuel used at terminals for firing up. 
As locomotives grow larger their fuel consumption per unit 
increases, but not nearly in proportion to the increase in their 
size. It does not take very much more coal to fire a large locomo 
tive than a small one. The fuel losses of a large locomotive 
due to radiation while waiting or drifting are but slightly 
larger than those of a smaller locomotive. ‘The increase of 
fuel consumption of large saturated simple steam engines when 
working at their full capacity is more nearly in proportion to 
the increase in their size. The introduction of the superheater, 
feedwater heater and reheater, the increase in heating surface 
of the boiler, the brick arch, the utilization of compounding in 
large engines of the Mallet type, application of improved valve 
gear and compound air pumps, and more careful attention to the 
design of steam passages and steam engine efliciency have ac- 
complished remarkable results in keeping the fuel consumption 
of large locomotives down so that their consumption per train 
mile is increased but slightly over that of the recent types of 
smaller saturated steam locomotives. 

v1 Numerous tests and service records have revealed that 
large superheater Mikado locomotives which have been placed in 
service recently haul trains of 45 and 50 per cent greater tonnage 
with the same amount of coal that was formerly consumed 
by the Consolidation locomotives they replaced. Even the coal 
consumption of Mallet engines with grate areas up to 100 sq. 
ft. has not grown In any way proportionate to the increase in 
their hauling capacity. Modern engines when running at 
shortened cut-oltls over those portions of the road other than the 
ruling grades exhibited a still greater economy than when work 
ing on the heaviest grades. Some service tests of recently built 
Mikado engines on the Delaware, Lackawanna and Western 
Railroad clearly demonstrated these facts. Their economy in 
fuel consumption as compared with that of the old Consolida 
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tion type, both operating over heavy grades at full load, was 
20 per cent. The economy effected over easy grades while 
running at shortened cut-offs was 39.3 per cent, almost twice as 
much. The average was 29.1 per cent. 

52 The conclusions to be reached in regard to the fuel con 
sumption of larger locomotives equipped with those fuel saving 
devices which have proved their merit is that it increases but 
slightly as their hauling capacities increase. It depends of 
course largely upon the size of locomotives in service as to what 
the actual increase will be on the train-mile basis over the con 
sumption of the old engines, and this must be taken into con 
sideration. 

53 Water. The same things that are true of fuel consump 
tion, are true of water consumption, only perhaps more so, 
especially with superheater engines. Water economy increases 
but slightly with the increase in locomotive sizes. 

54 Lubrication of Locomotives. It is safe to conclude that 
the cost of locomotive lubrication increases more or less direct] 
in proportion to the increase in the size of the locomotive as 
reflected by the wheel and cylinder arrangements. 

55 Other Supplies for Locomotives. This item is affected 
slightly, if any, by an increase in locomotive capacities. 

56 Engine House Expenses. As the size of engines increases 
the cost of enginehouse expenses per engine handled increases. 
However, as the size of engines increases the number handled 
at the terminals decreases. This decrease should approximately 
counterbalance the increase in cost per engine handled. 

57 Train Supplies and Expenses. The item of train supplies 
and expenses per train-mile is affected but slightly by a decrease 
in train mileage. 

58 Wages of Enginemen. History clearly shows that the 
wages of engineers and firemen per trip increase as the engines 
grow larger. Prompter movements made possible by more 
powerful locomotives reduce the cost of overtime. 

59 Wages of Trainmen. The wages of trainmen do not in 
crease per train-mile. If the business is handled a little more 
promptly through the decrease in the number of trains handled 
there will be a corresponding decrease in the wages paid for 
overtime of trainmen. 

60 Locomotive Repairs. The cost of locomotive repairs does 
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not increase in direct proportion to the increase in hauling 
capacity. Under modern conditions it will perhaps be safe to 
assume that about 60 per cent of the total cost of locomotive 
repairs varies directly as the weights of locomotives increase. 

61 Freight Tram Car Repairs. The item of freight train 
car repairs per train-mile increases slightly more than in direct 
proportion to the increase in the number of cars hauled in the 
longer trains by the larger locomotives. Lmprovements in ca 
construction, however, are rapidly counteracting this tendency 

62 Maintenance of Track, Bridges and Buildings. General 
observations seem to indicate that about 40 to 50 per cent ol 
the cost of maintaining track per train-mile varies directly with 
the average increase of weight on drivers. ‘The many improve 
ments in track construction continually under way, the introduc 
tion of treated ties, heavier rails of improved steel and better 
drainage facilities all help to reduce to a minimum the etlect 
of heavier power on the roadbed. The improvements to bridges, 
buildings and structures, such as roundhouses, turntables and 
shops, the lengthening of passing sidings and the extension of 
yard facilities have a further effect on the cost of maintenance 
of way and structures as related to the increase of motive power 
s1zes. 

63 Overhead Charges. The overhead charges include inter 
est, depreciation, taxes, and insurance and should be carefully 
estimated. 


FINAL DETERMINATION OF MOST ECONOMICAL LOCOMOTIVE TO ADOP' 


64 ‘Taking each one of the items into consideration, estimat 
ing the reduction in train mileage effected by each type, the 
gross savings in operating expenses effected based on the 
amounts of business on hand or in sight, and deducting there 
from all overhead charges arising from the additional improve 
ments necessary to ti ake the operation of the different types of 
locomotive under comparison .practical, will reveal which par 
ticular locomotive is the most economical in size and ty pe. 

65 As far as a standard engine of any kind for an entire 
road is concerned the general conditions obtaining will have 
some bearing. A road mMiay for instance be composed partly of 
divisions whose grades are moderate and partly of divisions 
whose grades are severe. [!f the variations are not great a com 
promise standard might be adopted. If on the other hand there 
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is a large difference, it may be wiser to seek to establish two 
or three standards and confine them to their particular territory 
with a view to getting the maximum efficiency from every por 
tion of the property. Then again there are many shorter terri 
tories such as pusher grades and divisions through mountainous 
country, the motive power selection for which is a distinctly 
local problem. In every Case, whether it is the broad problem 
of establishing standards for the entire system, or selecting an 
engine for a local territory, the problem might well be reduced 
to an economic study, comparing several available types and 
sizes, the extent of the improvements necessary to make thei 
operation practical, and the net savings which it is estimated 
will be effected by their introduction. 
SUMMARY 

66 In designing new locomotives all of the conditions must 
first be analyzed and then the design made to suit them. The 
actual design of the engine finally chosen may be approached 
with confidence because ot accumulated knowledge and exper! 
ence. Due to the great possibilities of favorably etfecting operat 
ing results by building locomotives which are exactly suited to 
their work, a study of the conditions becomes vitally Important. 
To show what these conditions are has been the object of this 
paper. The fact that the most powerful locomotives of most ap 
proved design are also the most economical should be more gen 
erally appreciated. It is to be hoped that the future will see more 
advantage taken of the modern locomotive in accordance with 
its possibilities in relation to orade revision and its abil ty to re 
duce operating expenses to a minimum. The ultimate benefits 
which will result will certainly be justified to the fullest extent. 
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In this paper the various scattered expt rimental data on the prope rties of 


ammonia are collected and correlated. An attempt is made to reconcile these 


data by means of well-known thermodynamic laws and principles so that the 
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The vapor of anhydrous ammonia first became of interest i 
the field of mechanical engineering with the advent of Carre 
absorption and Lindes compression refrigerating machines 
With the devel pinent ol the retrigerath Hh industry this Vvapol 
has become more and more liportant and an accurate Know ledge 
of its properties is highly desirable. 

2 As in the case of steam and many other vapors, the first 
reliable experimental knowiedge of the properties of ammonia 
was derived from the work of Regnault. Ile determined ex 
perimentally the relation between the pressure and the tempera 
ture of the saturated Vapor and expressed 1l by means ol empirl 
cal formulae. lle also determined the relative volumes of the 


superheated vapor at diflerent pressures along an isothermal 
rol the temperature 5.1 deg. cent., the spe ific heat, the theoretical 
auensiby and the experlnental density olf the ga lhe dete 


miinations made by Regnault ol the specific heat of the liquid 
and the latent heat of vaporization were lost in the reign of 
the Commune in L871; twelve of the determinations of the 
latter magnitude, however, have been found. 

3 ‘The tables now used most extensively in refrigeration work 
and included in most handbooks on refrigeration are those of 
Wood, based upon Regnault’s experiments. VPeabody’s tables, 
which appeared at about the same time, were based upon the 
work of Ledoux and upon the same form of equation of state, 
namely that derived by Zeuner and applied to ammonia by 
Ledoux. Since these tables were published the pr perties of 


ammonia have been made the subject of considerable experi 
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mental work and various tables have been issued, although com 
paratively little is known of the subject even now when its impor 
tance in technical work is considered. Probably the most accurate 
table for the range covered is one recently calculated by Good 
enough, although this was designed for class room purposes and 
is not based upon refined analysis. 

4 The present investigation was undertaken with the object 
of collecting and correlating the various scattered experimental 
data on the subject of the properties of ammonia. \n attempt 
has been made to reconcile these data by means of well-know1 
thermodynamic laws and principles so that the results may be 
consistent with each other; and to express the various properties 
by means of formulae from which tables and charts in English 
units may be prepared. It is realized, however, that the experi 
mental evidence is not as complete as could be desired and 
that more accurate experimental work may render necessar\ 
slight revision of the values of the constants in the equations 
here presented. 

5 Notation. Throughout the investigation the absolute tem 


perature of melting ice on the Fahrenheit scale has been taken 


as 491.64 deg., so that absolute zero is at 459.64 leg, fahr. Phi 
value of 110.64 ft. Ib. has been used for the mechanical equiva 
lent of heat. The notation used is as follow 

J — Joule’s equivalent 

| Reciprocal of same 


‘Temperature on the FI. or the C ene 
/ Absolute temperature. 


p — Pressure. 


Specific volume. 


y Specific weight. 
u Intrinsic energy. 


i = Heat content at constant pressure. 
‘= Entropy. 

yr = Latent heat of vaporization 

p — Internal latent heat. 


y External latent heat Ap 
c = Specific heat. 
C. Specific heat at constant pressure. 


Quality of vapor mixture. 
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Subscript « indicates critical data. 
indicates properties of liquid. 
' indicates properties of saturated vapor. 

G liclution between Pressure and 7 « muperature of Saturated 
| “por. To express the relation between the pressure and tem 
perature of saturated vapors scores of formulae have been pro- 
posed, some being of more or less rational form involving em 
pirical constants, but the greater number being purely empirical. 


Biot’s equation as used by Regnault has the form 


hy a t ( p 


| B 
OU } ad 
10% / 


where 7 t / 
Lhe sulle formula Wils used Il) the computation of Pea 
body's tables. 


Wood used Rankine’s formula in the form 


) b 
ov p ad 
=f . 
1 
with a 6.2495 and Ob 2196: limits, 20 deg. fahr. 


to 100 dee. fahr. 


Croodenough usec the Bertrand formula in the form 


7 


le ay } le (y j, fi log 
Sl = = h 
with low ! 5.S(395. DO. D $4.5. 


ij It does not se 


‘nm to be possible to find constants which will 

ike equations of the above forms apply over more than 
i limited range of temperature, either with steam or with other 

tpors \n equation for steam has, however, recently been pro 
posed by Marks', which is remarkable in that it gives pressures 
agreeing closely with experimental values throughout the range 
from 32 to 706.1 deg. fahr., the latter pont being the critical 


lemperature. This equavion Is based on the one used by Van 


ler Waals 
Di T 
lag = a (71) baedteeseterel (1] 
p I 


where py, and 7, denote respectively the critical pressure and critical 
temperature. Instead of being a constant 1s used by van der Waals, 
a varies for different substances and for different temperatures with 
the same substance. Professor Marks found values of a at different 
temperatures for steam and then found an expression for its value 


lrans. Am.Soc.M.E., vol. 33, 1911, p. 361 
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in terms of the temperature and the critical temperature. By sub- 
stituting this expression for a and the proper values for py, and 7’, 
in equation [1], he arrived at the following relation between the 
pressure and temperature of saturated steam 
h 
log p a ras cT +eT 2| 
| 
where 
a=10.515354 
b= 4873.71 
c=0.00405096 
e =0.0000013892964 

8 In the present investigation an attempt was made to use the 
above method to determine the pressure-temperature relation of 
ammonia. ‘everal factors rendered the use of this method undesi1 
able, among them being the sensitiveness of the method to changes 
in the critical data and the uncertainty of these data for ammonia 
the lack of experimental data at temperatures near the critical point, 
and the large discrepancies existing in the data throughout the 
entire range. As will be seen later, however, this equation plays an 
important part in the present investigation. 

9 Physicists have repeatedly attempted to find a relation be- 
tween the pressures of different vapors at the same temperature 
such that a determination of the function p=f(t) for one vapor 
would serve to determine this function for all other vapors. Ramsey 
and Young proposed the law 

R=’ +k (7 —7" 

where & and FR’ are the ratios of the te mperatures of two saturated 
vapors at two different pressures, and T and T” are the te mperatures 
of one of the vapors corresponding to these pressures. They show 
that the law holds very closely for some 22 different substances 
arranged in 23 different pairs. In their paper they use the T and T”’ 
in the term k (7’—T’) as being indiscriminately the numerators or 
the denominators of the ratios R and Rk’; i. e. they use the two 
«quations 


T, 7 a 7 
7. a T ~ 
1 T | 

ee l 7 } 
r,, 7 


without making any mention of the change from one form to the 
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other and without recognizing that the two forms lead to different 
results. 

10 This law has been corroborated by the work of Richardson 
and by the work of Ramsey and Travers on crypton, argon and 
xenon. 

11 Ayrton and Perry,and Everett have each remarked upon 
the lack of symmetry of equation [3] and have shown that equation 
1! is symmetrical. This is most clearly demonstrated by Moss, 
[3] may be thrown into the form 


a ee sam 
ee ae ee 
Fa 

thrown into the form 
= ——- +k 
1 7’ 


are the temperatures corresponding to some par- 


who shows that 


and } may be 


since 7,’ and T,,’ 


ticular vapor pressure, these equations may be written respectively 


me k'T + 1d] 
re 

ana 
-— 
rr’ kT “Ws ig [6] 
Tl; 

2 Equation [6] may be written in the simple form 
I l - 

=e oa T | 7 | 
T', an 

| | | li : | i 

, ound —- thus being linear functions of each other. 

l l 


13 Since equation |7] may be written 


B 3 
Ty, re 
it follows that any equation to be applicable to all vapors in the 


same form with only its constants changed, and at the same time 


to be consistent with the temperature ratio law as stated above, 
must satisfy the condition that 


( 4 
p=J \- — 
] 
all other constants remaining the same for all 


vapors. Now, it 
happens that the equations which may be thrown into this form 
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such as the Rankine short form, the Roche equation, ¢ 


GC... do not 
satisfy the experimental data for steam throughout its range with 


the necessary degree of accuracy. On the other hand, the Marks 
equation, which does satisfy these data with remarkabk accuracy 
throughout the complete range, cannot be thrown into the required 
form. In view of the various considerations mentioned it has been 
decided in the present investigation to accept the temperature ratio 


law as expressed in equation [7], to use water as the standard sub- 


stance, to use the Marks equation, equation [2], as representing the 
pressure-temperature relation for water, and to make a step-by-step 
solution of the pressure-temperature relation for ammonia by means 
of these equations. 

14 The method used in applying the temperature ratio law and 


in determining the value of the constants ¢ and k in equation {|7], is 
that used by Moss, who has applied it to 17 different vapors. A 
description of this method and of the construction of Fig 


in Appendix No. 1. 


15 Atter plotting the points repre senting the experimental data 
the straight line shown in Fig. 1 was drawn in a manner such as to 


represent all the points in the best possible manner. 

16 The effectiveness of any method that enables one to thr 
given data into a form such that it may be represented by a strai 
line lies in the fact that it discloses immediately and striking 
departure from the general trend and reveals unerringly points that 
depart from this trend. It enables one to give various observati 
their proper weight and it affords a much safer basis of extray 
than can be obtained from curves. The case in hand illustrates t] 
principle. If the points are plotted on the regular pt plane it is 
easily seen that no smooth curve such as represents a law of nature 
could, if passed through Regnault’s lower temperature points and 
Brill’s lower points, at the same time pass through Brill’s points in 
the region — 80 to —30 deg. fahr. Further than this the chart discloses 
nothing, as an infinite number of curves could be drawn, giving 
different weights to the different points, or all points could be given 
equal weight and the equation could then be determined by least 
squares. An inspection of Fig. 1 shows, however, that the straight 
line which best represents the whole range represents very accu- 
rately Regnault’s lower points, Brill’s highest point and all of his 
points from —80 to —110 deg. fahr. In the range —80 to —30 deg. 
fahr. all of Brill’s points lie above the line, as does Davies’ —41.8 de f. 
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fahr. point. It is significant, however, that Davies’ —57.64 deg. 
fahr. point lies exactly on the line at precisely the point where 
Brill’s points lie farthest from it. 

17 Through the range —30 to +100 deg. fahr. the line represents 
the experimental points very accurately; above 100 deg. fahr. Reg- 
nault’s points lie slightly below the line. Now all of Regnault’s 
points above 100 deg. fahr. belong to his third series of experiments. 
In all of the higher pressure points of this series Regnault used a 
closed manometer and extensive corrections had to be applied to the 
height of mercury observed, and a comparison of the experiments 
in the range 40 to 90 deg. fahr. where the second and third series 
overlap shows that invariably the points determined in the third 
series by the use of the closed manometer lie below those determined 
in the second series by the use of the open manometer. The con- 
clusion is evident that there was probably an error in the correction 
applied by Regnault to his readings with the closed manometer; 
the fact that these points lie below the line should therefore not be 
taken as conclusive evidence of the incorrectness of the line. 

18 As to the critical data, it is seen that the points of both 
Dewar, and Vincent and Chappuis lie above the line. If the line be 
taken as correct this indicates either higher temperature, lower 
pressure, or both, at the critical point. 

19 The same is the case with the determination of the critical 
data for water; as methods have been improved and greater pre- 
cautions taken in the experimental work, the value found for the 
critical temperature has steadily risen until the latest determination, 
that of Holborn and Bauman, is 30 deg. higher than that found by 
Nadejdine 25 years earlier. It is reasonable to assume that the 
same errors may have been made in the ammonia determinations 
and that the true critical temperature of ammonia is higher than 
that found by either Dewar or Vincent and Chappuis. In the 
present investigation the critical data of ammonia are not of prime 
importance and the purely arbitrary assumption has been made, on 
the basis of the above reasoning and for want of better data, that 
the higher of the critical pressure determinations, that of Dewar, is 
correct. The corresponding temperature as determined by the 
temperature ratio law has been taken as the critical temperature. 
The resulting values are 

Px = 1690 lb. per sq. in. 
t. = 273.2 deg. fahr. 
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20 Since the above conclusions were drawn the articles giving the 
determinations of Jaquerod and Scheffer have been found. If 
plotted in Fig. 1 the point representing Jaquerod’s determination 
falls below the straight line and that representing Scheffer’s value 
falls almost exactly upon it. If Scheffer’s value for the critical tem- 
perature is substituted in the temperature ratio law the resulting 
pressure is 1638.6 lb. per sq. in. while his experimental value is 
1635.7 lb. per sq. in., the difference being about 1/6 of one per cent. 
These results offer corroboration of the correctness of the location 
of the straight line in Fig. 1, although the arbitrary values chosen 
for the critical temperature and pressure may be too high. 

21 The equation of the straight line in Fig. 1 is 


p3 = 1.70356 . —().0002242........ 'g} 
T. T. 
In constructing tables with pressure as the argument the temperature 
of saturated steam at any pressure is found from steam tables. The 
corresponding saturation temperature of ammonia is then found by 
using equation [8] in the form 
at l 
' 1.70356 

T. 

99) 


22 If temperature is taken as the argument the temperature at 
which steam will be saturated under the same pressure may be found 
by using equation [8] in the form 


— (0002242 


T.- 
0.587006 
- + 0.0001316 
T's 


and the corresponding pressure is found from steam tables. 

23 Specific Volume of the Liquid. There are available three sets 
of experimental data from which the specific volume of the liquid 
may be determined. Lange determined the density of liquid am- 
monia over the temperature range of —56 to +208 deg. fahr.; Diet- 
erici, working by Young’s method, obtained simultaneously the 
specific volumes of the liquid and of the saturated vapor over a 
temperature range of 32 to 222 deg. fahr. In addition to these there 
are the specifie gravity determinations of d’Andréeff, from which 
the specific volume may be calculated; these experiments cover the 
range of 14 to 68 deg. fahr. 
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24 In Fig. 2 the experimental values are plotted with specific 
volumes as ordinates, and temperatures as abscissae. The form of 
equation used to express the’ volume of the liquid in terms of the 
temperature is that used by Avenarius, or 
v’ =a—b log (t,—t) panes [9] 
The curve shown in Fig. 2 up to 160 deg. fahr. represents this equa- 
tion with the constants as follows: 

a =0.06335 
b =0.016 
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25 In determining these constants the work of Dieterici was 


given the most weight, both because the methods he employed are 
superior to the others, and because the volumes of the vapor to be used 
with these values are those determined by Dieterici by the same 
method in the same series of experiments. 

26 The part of the curve above 160 deg. fahr. represents the 
values found by the method discussed in Paragraphs 45 to 50. 

27 Latent Heat of Vaporization. Since the experimental in- 
formation regarding the latent heat of vaporization of ammonia is 
too meager to be used as a basis for the determination of the rela- 
tion existing between it and the temperature of vaporization, this 
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relationship will be determined from other considerations and the 
available data used as a check on the method. 


28 Let [7] be differentiated with respect to the pressure. Then 
dT. dT. 
e 
dp dp 
re ie" 
which may be written 
dp 


‘aT. 1 Te 
T dp c T, 


"dT » 
or since 
Ts - 
a ( k - 
l’. 
there results 
dp 
es iT I 
al +( Is. [10] 
T. 3 ( 
IT. 


Now by the Clapeyron relation connecting the latent heat and the 


absolute temperature of vaporization with the change of volume dur- 
ing vaporization 
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or with the proper values of the constants introduced 


a =1—0.00013167y.......... [12] 


rn . \ a Jw ° . 
29 The quantity may be found from steam tables 


or as follows: From the Clapeyron relation 


(y” vw l 
” | 
144 AT|—= 
Ox w leet 


9) 


dp 11Z22.1¢6 : yee: nm in « 
ip | =P] ga £9 - 00000641484 7'4—0.00932768 7.’ 
( w_jsat w 


By different lating [2] 


~ 


t 


Substituting this value in the Clapeyron relation 


(v”—v') 1 . 
\ ) = ~ — [13] 
Iw 2078 .07 saiiaiinias ts — 
P| ——(.00172726 T.+0.00000118787 T,, 
; (v"—v')a 
30 By the use of equations [12] and [13] - may be calcu- 
la 


lated and if either numerator or denominator is known the other 
may be found. Fortunately there are available the experimental 
determinations of Dieterici of the specific volumes of the liquid and 
saturated vapor; the former were given in Pars. 23-26 and the latter 
will be discussed in Pars. 41-44. From these determinations various 
values of (v”—v’) were found and values of 7 calculated as described 


above. 
31 According to the generally accepted ideas concerning the 
dr 
critical point, at that point r=0 and <= ©. These facts led 
Thiesen to suggest as an empirical formula 
r=c (t,—t)® 


This form of equation has been used for water by Thiesen, Henning, 
and Marks and Davis, and for ammonia by Dieterici. When plotted 
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on logarithmic cross-section paper it is represented by a straight 
line, the slope being equal to n. 

32 The values of r found by the above method were plotted to 
the corresponding values of (¢,—?¢) on logarithmic cross-section 
paper and were found to lie almost exactly on a straight line, indicat- 
ing that the Thiesen formula might be used to express the desired 
relation. The formula may be written in the form 

log r=log C-+n log (t,—?) 
and it was found that the values of the constants giving the best 
agreement with the plotted points are 
log C=1.856064 


and 
n=Q.3/ 
Therefore the final equation is 
log r=1.856064+0.37 log (273 .2—t) 14) 


33 The available data concerning the latent heat of vaporization 
are given in Table 1 and the various points are plotted in Fig. 3, the 
full line in this figure representing equation [14]. Of the determina- 
tion of r made by Regnault, the greater number were lost, but 12 
were saved and later published. The results of these experiments 
do not give r directly and have been variously interpreted by different 
writers. The table contains the interpretation of Jacobus and the 
three values of r as quoted from Regnault by Dieterici. Two values 
for r are given by von Strombeck, one being an average of 12 experi- 
ments, the other of eight. The value given by Franklin and Kraus 
is an average of three determinations at the normal boiling point, 
and the value obtained is exactly the value deduced by the same 
writers from the absolute boiling point and the molecular elevation. 
A different value was found at the normal boiling point by Estreiche 
and Schnerr. The values given by Denton and Jacobus, represented 
in Fig. 3 by crosses, were calculated from readings taken during a 
test of an ammonia compressor, and hence cannot be considered of 
much weight; because of the scarcity of scientific data, however. 
these points are included in the table and chart. 

34 In Fig. 3 are also plotted the curves that represent various 
equations used in calculating the latent heat of vaporization, as 
given in the various existing tables. These are plotted exactly as 
given and it should be remembered that there is some variation in 
the value of the heat unit used by different writers; consequently the 
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various curves are not exactly comparable and are given simply to 
show the variation in the values of latent heat as given in the tables 
now in use. 


rABLE 1 SUMMARY OF VARIOUS DETERMINATIONS OF THE LATENT HEAT 
OF VAPORIZATION 


lemperature, Cal. per Clemperature, 


Deg. Cent. Kg Deg. Fahr. m.6.m auehons 
10.90 287 .0 51.62 516.6 
15.53 285.2 59.95 | 513.3 | 
16.00 290.5 60.80 522.8 
2.94 283.8 Do. 29 510.8 
11.90 285.8 3.42 514.4 
) 10.73 288.1 1.31 518.5 Regr 
} 11.04 292.5 1.87 526.4 Jacobus 
10.15 292.4 50.27 526.2 
9.52 295.0 19.14 531.0 
10.99 293.3 91.78 27.9 
12.60 291.6 4 68 524.8 
7.80 291.8 16.04 920.2 
j 7.80 294.2 16.04 529.5 
11.00 291.3 51.80 524.3 magen 
16.00 297 .4 60.80 535.3 | (et 
19.53 296.5 67.15 533.7 
17.00 296.8 62.60 934.2 ven & 
33.64 | 337 .0 28.55 606 .6 Franklin and Kraus 
33.40 321.3 28.12 578.3 streicl s 
54.6 524.8 
82.7 525.7 
Si O12 
10.7 a - Dentor J 8 
3.2 603 5 
14 570.4 


35 The equations of the curves shown in Fig. 3 are 





Ledoux r=583 .33 —0.5499t —0.0001173¢2 
Wood 555.5 —0.613t—0.00021922 
Peabody r=540—0.8 (t-—32 
Dieterici log r=1.56141+0.5 log (266.9-t 
Goodenough log r=1.7920+-0.4 log (266 


36 No comment is necessary regarding the curves for r according 
to Ledoux, Wood and Peabody, since their equations are not of a 
form such as to give correct results at high temperatures. More- 
over they were derived before there were experimental determina- 
tions of the volume of the saturated vapor, from which latent heats 
could be calculated. 
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37 Dieterici used Zeuner’s empirical expression for the second 
term of Regnault’s pressure-temperature equation, and omitted the 
third term entirely. This approximation Is quite accurate for low 
temperatures, but as the temperature increases the pressures thus 
calculated become too small, and this error increases rapidly at high 
temperatures. For instance, Regnault extrapolates his curve and 
gives for 212 deg. fahr. a pressure of 901.6 Ib. per sq. in., while the 
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value calculated by Dieterici for this temperature is 847.1 lb. per 
sq. in. or 6 per cent lower. As the error is increasing, the values of 
dp 


j are too small and values of ? calculated by means of the 
at 


Clapeyron equation are too small at high temperatures. Since the 
relation employed between r and (t,—¢) is a straight line on logarith- 
lp 


, ( a 
mic paper and the values of , consequently of r, agree at some 
dt 
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medium temperature, the values given by the equation at low tem- 
peratures will be too high. This is shown in Fig. 3, where it is seen 
that Dieterici’s curve passes above even the highest of the actual 
experimental determinations of r at —28 deg. fahr. 

38 The equation used by Goodenough fits the actual determina- 
tions and is consistent with the Clausius relation, using Dieterici’s 
values for volumes and Goodenough’s constants in Bertrand’s pres- 
sure-temperature equation. This latter equation, however, applies 
over but a small temperature range. The variation between Good- 
enough’s r curve and the present one is due to the different pressure- 
temperature relation used and the higher value assumed for thi 
critical temperature. 

39 It is believed that, due to the form of equation [14] and th 
accuracy with which it represents the derived values of 7 wher 
known, the equation may be safely extrapolated as far as required 
in this investigation. 

10 The comparison between the values of r given by equation 
[14], the corresponding values of v” derived from the Clausius rela- 
tion, and the experimental values for v”, properly belongs in the 
next section and is there shown. 

}] Specific Volume of Saturated Vapor. The only available ex- 
perimental determinations of the specific volume of the saturated 
vapor are those of Dieterici. These experiments extend up to a 
temperature of 222 deg. fahr., but unfortunately were not carried 
below a temperature of 32 deg. fahr. Owing to the form of the curve 
representing the volume-temperature relation, any extended extra- 
polation of the curve or of any empirical equation to represent this 
relation would be very unsafe below 32 deg. fahr., where the volum« 
is seen to increase very rapidly. 

12 As shown in the preceding section, however, equation [14] is 
believed to be of a form such that extrapolation can be carried to 
very low temperatures. Therefore in the present investigation the 
volumes of the saturated vapor have been calculated as follows 


i i 


43 By the use of equations [12] and [13] values of 


were calculated. These values multiplied by the corresponding 
values of r found from equation [14] gave the values of (v’ a3 
The addition of the proper values of v‘ found from equation [9] gave 
the values of v”, the quantity desired. 

44 The agreement of the values of v” calculated by the above 
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method is shown in Fig. 4, the curve in this figure representing the 
calculated values and the points the observed values. 

15 Specific Volume of Liquid and Saturated Vapor at High Tem- 
peratures. The “law of the straight diameter’’ was first proposed by 
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Fic. 4 Curve sHowinG AGREEMENT or VoLUMES oO} SATURATED VAPOR AS 


CALCULATED WITH THOSE FOUND EXPERIMENTALLY BY DIETERICI 


Cailletet and Mathias in 1886. This law, as originally given, stated 
that if the densities of a liquid and its saturated vapor are plotted 
as abscissae) against the corresponding temperature (as ordinates 
to form a dome, the mid-points of the horizontal chords of this dome 
will lie in a straight line nearly parallel to the axis of temperatures. 
References to the law may be found in an article by Davis.! 


! Proe. Am. Acad of Arts and Sciences, vol. 45. 1910. p 305 








PROPERTIES Ol! AMMONIA 
TABLE 2 THE LAW OF THE STRAIGHT DIAMETER FOR AMMONIA 
Femperature, Density Densit Mean oa nee 1) 
Deg. Fahr of Vapor | Densit 

-40 0.0393 42.704 21.372 21.372 0. 001 
30 0.0517 42 . 20 21.174 21.174 ». WOO 
-20 0.0671 $1 S383 20.975 20.974 001 
10 0. 0860 41.461 20.774 20.774 t 0.00 
0 0.1088 41. 039 20.574 20.572 ~() 002 
+10 0.1362 40 608 20.372 20.370 0.002 
20 0.1689 10.169 20.169 20.167 2 
30 0.207 9.722 19.965 19.964 ) 
40 0. 2525 ). 267 19.760 9 ) 

50 ). 3051 8.8 19.554 19 } 

60 ( 657 s$ 329 y 347 + 347 M 
70 0.4 7 7 S44 ) } ; 14 ( 
8( 0 5152 7 s 1S 2 s 2 

00 0.6061 36. S4 8.724 18.724 
100 0.7099 ( s 14 S i 
110 0 S265 >. 78 S 4 s 
120 0.9590 5.228 18.09 1S O92 
130 1.1062 34.6 17.881 17 . 88 
140 1. 275 4.06 668 17. 6 
150 1.4643 $44 7.454 17.4 
160 1. 67¢ 2.795 ri 17.238 


46 It was found by Young that the diameter is actually straight 
in the case of all but a 
example of this class. 


few substances, normal pentane being an 


In the case of most substances, however, the 
diameter can be represent d accurately by a second degree equation; 
some substances, such as alcohols, require a third degree equation. 
47 
ammonia the values of the densities of the liquid and of the saturated 
The 
yf equation |9], 
by the method deseribed in Pars. 41-44. 


tures the was caleulated. 


In order to find the equation of the straight diameter for 


vapor were found at 10 deg. intervals. values for the liquid 


were calculated by the use and those for th 
At each of the 
The 


where the points for the liquid and 


vapor 
tempera- 


mean density results are given 


In 
Table 2 and plotted in Fig. 5, 
vapor are shown as large circles and the mean points as small circles 
The diameter is seen to be slightly curved, but it may be accurately 
represented by the second degree equation 


vy = 19.3473 —0.02067 (t—60) —0.0000042 (t—60 (15) 


The table shows that this equation represents the mean densities 
as calculated by the other method with a maximum error of about 














WILLIAM E. MOSHER $5 


1/100 of one per cent over a temperature range of —40 to +160 
deg. fahr. 

18 The method used at ordinary temperatures for finding the 
change of volume on vaporization, or (v”—v’), may be employed at 
temperatures up to the critical point if it is assumed that the values 
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for r found by equation |14| are correct up to that point Equation 


15] gives values for 


Jn 


Having values for v” and (v”—»’), the values for v’ may be easily 
found. This method enables the values of the volumes of the liquid 
and the saturated vapor to be found at least qualitatively up to the 
critical point itself. 

19 Above 160 deg. fahr. the values found for v’ by this method 


were materially lower than those found by equation [9] and that 
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the difference increased as the temperature increased above this 
point. An inspection of equation [9] shows that this equation would 
give a value of +o for the volume of the liquid at the critical 
point, whereas at this point the liquid has a finite volume. In the 
case of other vapors it has been shown that the form of the equa- 
tion used, that of Avenarius, gives accurate values at temperatures 
somewhat removed from the critical point, but that it does not hold 
near this point. Therefore, in the present case equation [9] has 
been used only up to 160 deg. fahr., and the values above this 
temperature have been calculated by the law of the straight diameter. 

50 Since the diameter is nearly parallel to the axis of temperatures 
a considerable error in the value of the critical temperature will 
cause but a small error in the resulting value of the critical density. 
The substitution in equation [15] of the assumed value of ¢,, or 
273.2 deg. fahr., gives for the critical density and volume respect- 
ively 


Y¥,x=14.75 lb. per cu. ft. 
v, =0.0678 cu. ft. per lb. 


51 Specific Volume of the Superheated Vapor. The attempt has 
often been made to deduce rationally an equation of state which with 
suitable change of constants will represent the relation f(P, v, T)=0 
for various fluids in all states from the gaseous condition above the 
critical temperature to the liquid condition. Such equations ars 
constructed with special reference to the behavior of fluids in the 
neighborhood of the critical state and apply more particularly to 
fluids, the critical temperature of which is within the range en- 
countered in practice. In the case of a fluid such as ammonia, how- 
ever, the critical temperature of which is far above the working 
range, purely empirical equations of simpler form give better results 
throughout the small range covered in practice, and in addition lend 
themselves much more readily to the formation of the various heat 
equations. Of these equations those of Ledoux, Zeuner, Peabody 
and Wood were based upon various doubtful assumptions, while 
Wobsa’s first equation gives values that do not closely agree with 
experimental results, and only his second equation 


v—a af eonki 116) 
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with 
B 19.736 
a=0.0075 


( 2450 
fi p 
b =80 


is quite satisfactory in this respect 


52 In choosing a characteristic equation several points must be 


considered. 


a The equation must represent with fair accuracy the avail- 
able reliable experimental data on the relations of pP,? and 
Ps 

b The equation should be of a form such as to make the 


various thermodynamic relations derived from it as 
simple as possible. 
c These derived equations must represent accurately the 
experimental data. 
53. Wobsa’s second equation fulfils the first of these conditions 
admirably It is. however. somewhat defective wit] respect to the 
other requirements. The good results obtained from Goodenough’s 
equation for superheated steam 


+— ( | rap " [17] 


suggested the adoption of the same form of equation for superheated 
ammonia in the preliminary investigation. This equation satisties 
the second condition in that it gives derived relations of compara- 
tively simple form. A trial with various sets of constants showed 
that it could be made to represent the volume measurements sub- 
stantially with the same accuracy as Wobsa’s second equation, and 
thereby satisfy the first condition. Having established the fact that 
the proposed equation is permissible, the next step was the deter- 


1 


mination of the constants. In connection with this process emphasis 
must be placed on the third consideration heretofore mentioned. 
From the characteristic equation are derived expressions tor (a the 
specific heat at constant pressure; (6) the heat content of the super- 
heated and also of the saturated vapor; (ce) the Joule-Thompson CO- 
efficient Hence the constants must be chosen not with referenc 


to volume alone. While the volume measurements must be satisfied, 
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three other derived relations must conform equally well to the 
experimental data in the respective fields. 
54 With due consideration of all the conditions the following 
values were finally assumed for the constants: 
B=0.6321, p in lb. per sq. in. 
log m= 12.900000 


c =0.100 
R= h 
a=U 


The final equation with constants inserted is therefore 
T 79433 x 108 | 
v+0.100=0.6321 —— (18) 
pT 

55 It will be seen that the constant a is taken as zero. In view 
of the fact that the available data consist only of values along the 
saturation curve and in most cases but one point on each isotherm 
in the superheated region, no information is available regarding the 
shape or curvature of these isotherms on the pu—p plane; moreover 
the derived equations demand an exceedingly small value of a. The 
use of straight lines for these isotherms therefore seems to be as well 
justified as the use of parabolas; hence a was made equal to zero. 

56 A summary of the various direct determinations of the specific 
volume of the superheated vapor according to Perman and Davies 
and LeDue and Guye is given in Table 3. In Table 4 the values 
given by equation [18] and by Wobsa’s first and second equations 
are compared with these experimental determinations. It is seen 
that both equation [18] and Wobsa’s second equation give results 
agreeing better with experiment at the one atmosphere points than 
those obtained from Wobsa’s first equation. At the 32, 122 and 212 
deg. fahr. points at one atmosphere pressure equation [18] and 
Wobsa’s second equation give practically the same percentage devia- 
tion from the experimental values. At —4 deg. Wobsa’s second equa- 
tion gives a better agreement with the experimental value than does 
equation [18]; this point, however, is considerably below the rang: 
found for superheated ammonia in practice, and it is believed that 
the considerations appearing in the discussion of the heat equations 
derived from the characteristic equation justify the use of equation 
[18] in preference to Wobsa’s equations. 

57 In Fig. 6 the isotherms deduced from equation [18] are drawn 
on the pvu—p plane and the various experimental points are plotted 
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in order to show the agreement, From this chart it is seen that if 
both of the determinations of Perman and Davies at 32 deg. are cor- 
rect, the one at one atmosphere and the other at one-half atmosphere, 
then either the saturation curve should lie considerably higher or the 
32 deg. isotherm should be sharply curved. Since the one atmosphere 


rABLE 3 SUMMARY OF VARIOUS DETERMINATIONS OF VOLUME OF THE 
SUPERHEATED VAPOR 


Volume in . 
Pressure lemperatu Temperature Volume, 
Liters Authority 
Atmos Deg. Cent Deg. Fahr Cu. Ft. per Lb 
per Grau 
2.6096 y4 $1. 8000 | 
2 1.19575 ry | 19.1 | 
| 1.2973 32 | 20.7802 |} Pers an 
1.5473 122 24.784 
1.7964 212 | 28.7747 |) 
| 1. 295 2 2 513 Le Due 
1.2974 ' 32 20.7818 Guye 
rABLE 4 COMPARISON OF VALUES OBTAINED FROM VARIOUS EQUATIONS FOR 


Ol ME OF SUPERHEATED VAPOR WITH EXPERIMENTAL VALUES 


Experimental Computed Computed Computed 
P; ler \ ; from 18 } Wobsa I by Wobsa II 
re Ds . 

At - Diff > Diff © Diff. 

: Value \ fr Value from Value | from 

| Exp Exy Exp 
} | ’ 4 9 OU; 32 19.121 )17 19.140 —0.07 
20.780 | 20.769 0.05 | 20.74 0.17 | 20.767 | —0.06 
20.782 | 20.7¢ 0.06 | 20.74 g | 20.767 | —0.07 
I 20.751 2 ( 0.09 2 74 0 .{ 20.767 0.08 
22 Per 24.785 24.798 0.05 24.746 0.16 24.775 | —0.004 
212 |] 8.775 | 28.730 0.16 | 28.69 0.28 | 28.725 | —0.17 
2 41.801 | 41.916 | +0.28 | 41.821 | +0.05 | 41.939 | +0.33 

] 


determination agrees closely with the determinations of LeDue and 
Guye, since there is good authority for the location of the saturation 
curve, and since the flatness of the isotherms is fairly well estab- 
lished, it would seem that the half atmosphere point of Perman and 


Davies is probably in error. 
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58 In Fig. 6 the full line curve represents values resulting from 
equation [18] and the dotted line curve represents the values result- 
ing from equation [15]. A comparison of Wobsa’s equations is not 
given because the constants in those equations were determined on 
the assumption of a different pressure-temperature relation along 
the saturation curve; the substitution in Wobsa’s equations of the 
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ia. 6 CoMPARISON OF ISOTHERMS DEDUCED FROM Equation [18] witn Porn’ 
REPRESENTING EXPERIMENTAL DETERMINATIONS SHOWN ON PV —P PLANi 


values of pressure corresponding to given temperatures as used in 
this investigation would not therefore give values of volume com- 
parable with those deduced from equation [18]. It may be stated 
however, that Wobsa’s equations give very fair agreement with th 
values found experimentally by Dieterici, the maximum deviation 
of the second equation from the values given in Dieterici’s tabl 
being a little over 2 per cent. 

59 In addition to the preceding the only data available for th« 
purpose of checking the characteristic equation are the results of a 
series of experiments performed by Regnault. In these experiments 
measurements were made of the relative volumes occupied by a 
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quantity of ammonia gas at different pressures along the isotherm 
corresponding to a temperature of 8.1 deg. cent. or 46.58 deg. fahr. 
As the weight of ammonia used was not recorded, the experiments 
can only be used to obtain the relative values of the specific volume 
or of the product pv along this isotherm. In making use of these 
values the products pu were plotted against the corresponding values 
of p, both quantities being measured in the units employed by Reg- 
nault. A straight line was next passed through these points by the 
method of least squares. It was found that the pressure equivalent 
to 20 lb. per sq. in. came at about the center of the group of points, 
and the value of the specific volume was calculated by eqtuation [18] 
for this pressure and a temperature of 46.58 deg. fahr.; this value 
multiplied by the pressure gave a value of the product pv in English 
units. The value of this product in the units used by Regnault was 
then found at the point where the straight line determined by least 
squares crossed the pressure coordinate equivalent to a pressure of 
20 lb. per sq. in. From these two values for pv the conversion factor 
0.00561 was found, this being the number by which Regnault’s values 
of pv must be multiplied in order that the isotherm calculated from 
equation [18] shall pass through the center of Regnault’s group of 
points. All of his values of pv were multiplied by this factor and the 
points plotted in Fig. 6 as small black dots. The only information 
they afford is a check on the slope of the isotherm for 46.58 deg. 
fahr. on the pu—p plane. The points seem to indicate that the iso- 
therms near this temperature at least, are very flat curves or even 
straight lines. 

60 Specific Heat of the Superheated Vapor. ‘The first determina- 
tion of the specific heat of superheated ammonia was made by Reg- 
nault, who found a value of 0.50836 at atmospheric pressure and 
over a temperature range of 75 deg. fahr. to 420 deg. fahr. Later 
Wiedemann performed two series of experiments at a pressure of 
about 16 lb. per sq. in.; he found a value of 0.5202 between 77 and 
212 deg. fahr. and a value of 0.5356 between 77 and 392 deg. fahr. 
He proposed the equation 

Cp =0.4949-+0. 0001724 

61 Thus far the history is much the same as in the case of super- 
heated steam, the specific heat of which was long supposed to be in- 
dependent of both temperature and pressure and equal to 0.48 as 
determined by Regnault; later the investigations of Maillard and 
LeChatelier and of Lange agreed in making it a linear function of 
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the temperature. In the case of steam, however, the experiments 
of Knoblauch and Jakob, Thomas, and Knoblauch and Mollier have 
shown that the specific heat of superheated steam depends upon the 
pressure. While no experiments have been made to investigate the 
variation of the specific heat of superheated ammonia with pressure, 
it is very probable that there is such a variation and its rate may be 
determined by means of Clausius’ thermodynamic relation providing 
a sufficiently accurate characteristic equation has been determined. 
The process of obtaining an explicit expression for c, in terms of the 
variables p and 7’ has inherent difficulties and is rendered more 
difficult in*this case by the meagerness of the data available. The 
success with which the method has been applied to superheated 
steam by Goodenough, however, seems to warrant its use in the 
present investigation. 

62 The application of the Clausius relation to equation [18] 
readily gives the following equation for cy: 


Amn (n+1) 
p 


— [19] 


ny. + 
Cp =¢ (7')+4 


For the complete derivation of this equation see Appendix No. 2. 

63 If the arbitrary function ¢ (7) can be determined, there will 
result an explicit expression for c, in terms of the variables p and 7’. 
Wobsa has used the same method of analysis starting with his own 
characteristic equations and has obtained equations for c, similar 
to the present one. 

64 The determination of the proper function ¢ (7) is the critical 
point of the investigation. Wobsa equated his expression for c, at 
atmospheric pressure to Wiedemann’s linear equation for c, at 
atmospheric pressure and thus found the ¢ (7') to be of the form 


He shows that the terms in the third power of 7, which is the correc- 
tion term for atmospheric pressure, is vanishingly small above 212 
deg. fahr. and that above this temperature c, at infinitely small 
pressures will not differ from c, at atmospheric pressure, or ¢@ (T) 
=(0.4949+0.000172t. Below 212 deg. fahr. where the correction 
term becomes appreciable, Wobsa substitutes the linear function 
@ (T) =0.4712+0.000278¢. 
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65 For the determination of ¢@ (7) in the present investigation 
there are available the recent determinations of c, at high tempera- 
tures by Nernst. In addition to the results of his own work, Nernst 
gives a summary of the results of previous investigations (see Table 
5). In this table the values are given as molecular specific heats and 
these have been converted into specific heats per unit of weight by 
dividing by the molecular weight of NH; or 17.064. It is seen that 
the values cviven for Wiedemann are lower than those quote d earlier 
in this section from the original; while the value given for Regnault 


is higher than the original. As the original papers of Keutel and 


TABLE 5 SUMMARY OF ¢ MEASUREMENTS AS IVEN BY NERNST 
I ‘ Mok I I st 4 
( 
) ( C; Deg Fa r 
S 64 6S 6 } t 
8 62 6S Voller 
2 s.8 8 KE. W ar 
;Qv } | Wi anr 
+-2it ‘ $21 negnault 
7 j 689-105 609 t 
is 5 % yt OH5t 


Voller are not at hand the values given in this table for their results 
are assumed to be correct, but the values used for Wiedemann and 
Regnault are those taken from the original. 

66 If in the equation for c,, p=0, the equation reduces to 
c,p=@ (T). Therefore if we have values for c, at zero pressure the 
@ (7) may be determined. ‘To obtain these values the proper cor- 
rection terms were calculated and subtracted from the values of ¢, 
The resulting values of (c,). seemed to justify the assumption that 
(c,). 18 a linear function of the temperature. This linear relation may 
not, and probably does not, hold for the entire range of superheat, 
but it may be assumed as a close approximation, and is the only as- 
sumption justified by the experimental data available. The function 
therefore takes the simple form 

@ (T)=a+ pT 


and the equation for Cy becomes 
= Amn (n+]1 
p=at+psT-+ p 20| 


T° +1 


Cc 
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67 The constants m and n are those heretofore given in connec- 
tion with the characteristic equation, and the values finally chosen 
for a and B® are: a=0.382; 8=0.000174. teplacing Amn (n+1) 
by a single constant C, and substituting the proper value for the 
various constants the formula for the specific heat becomes: 


Y 


bho 
i 
auad 


C,=0.382+0.000174 T+ p 


where log C = 13.644705. 

68 Values of c, have been calculated for various pressures up to 
400 lb. per sq. in. and for temperatures up to 1100 deg. fahr.; these 
values are plotted against temperatures in Fig. 7. The experimental 
determinations are also plotted to show the agreement. The deter- 
minations of Regnault, Nernst, Keutel and Voller were made at 
atmospheric pressure, while those of Wiedemann were at a pressure 
of about 16 lb. per sq. in. absolute. The agreement between the 
curve derived from equation [21] for a pressure of 15 lb. per sq. in. 
and the points representing the determinations of Regnault, Nernst, 
Keutel and Voller is seen to be very good, while the points represent- 
ing Wiedemann’s determinations lie considerably above the curve. 

69 Heat Content of Saturated and Superheated Vapor. Having an 
explicit formula for the specific heat at constant pressure in terms of 
the variables p and 7’, an expression for the heat content in terms of 
these variables may be easily derived: 

— m i 99 
i=al +5 T?’—A(n+1)p Tn —Acptio. .... 2.0. 2 
For complete derivation of this formula, see Appendix No. 3. 

70 The constant of integration 7, is determined by passing to the 
saturation limit. Since the constants a, 8, m, n and ¢ are known, 
the value of the right-hand member of equation [22], exclusive of 7, 
may be found for any given pressure and temperature. If the value 
of 7 is known at this point, 7, may be determined by subtraction. 
Now for the saturated vapor 
a” =7' +r=u + A po’ rr 
If the energy u be taken equal to zero at 32 deg. fahr., then at this 
temperature 


a / 


7 
1 >= Q+ A Psa’ 32+ 132 














| 
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v the formulae for 


Substituting the proper values as determined | 
the saturated vapor there results 


” 


0” 90 =0.3+546.4=546.7 


é 


3y the substitution of the proper values of p and T in equation [22! 
there results 
t ls LSS 7 


By subtraction 7,=358.0 


0.84 0; 
we 
0.7 
150; 
0. | 
100; \ \ 
0.{ yh 
* FA 
0.64 ’ aS ; 
‘h 20 
0.60 | ~o- | \ as | 
A ‘ aa 
15 ii SSsz 
0.54 ey Sn 
1 ~ , 
05 “Ss 
, — ae 
0 ff Nernst @ Regnault 
: Keutel Voller 
oe 8 Wicdemann 
U.44 — — 
100 0 100 200 300 «6400 500 «6600 «670006800 «6800 «(1000 
Temperature, Deg. Fahr, 
Fic. 7 Curves Givinac VALUES OF Spectric Heat at CONSTANT PRESSURI 


Introducing known constants equation [22] becomes, with pressur 


in lb. per sq. in 


o 


( 
i=0.382T+-0.000087 7? — p r -0.0185p+358.0..... [23] 


where log C =12.945735. 

71 There are no direct measurements of the total heat or heat 
content of the superheated or saturated vapor by which equation 
[23] may be checked. A check on the accuracy of the equation at 
the saturation limit is afforded by a comparison of the values of the 
heat content of the liquid, obtained by subtracting values of r cal- 
culated by equation [14] from values of 7” calculated by equation 
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[23], with the experimental determinations of Dieterici. This com- 

parison is shown in the following section. A check on the accuracy 

of the formula in the superheated region may be obtained by a com- 

parison, by means of the law of corresponding states, of the values 
) 


for the Joule-Thompson coefficient resulting from equation [23] with 
the values of this coefficient for other vapors. There is also available 


TABLE 6 HEAT CONTENT OF LIQUID AS DEDUCED FROM EXPERIMENTS 
OF DIETERICI AND DREWES 


s’ Above | u’ Above | Temper 


C’im : : ‘ 

t —0° ¢ , |" Cal. of /0° Cal. of ture ture, 32° F. iz ; Aut! 
4.222 Joules|/4.184Joules} Deg. Cent.| Deg. Fahr B.t 

1.148 10.65 | 10.75 9.28 418.70 13.95 19.77 

1.162 10.93 11.03 9.41 | 18.94 19.8 20.2 

1.141 | 24.25 24.47 21.25 | 70.25 14.04 14 

1.140 | 24.57 | 24.79 21.55 70.79 14.62 15 2¢ D 

1.139 38.67 | 39.02 33.95 93.11 70.2% 71.21 

1.147 39.27 39.62 34.24 93.63 71 2 

1.200 412.03 42.41 35. 02 95.03 76.34 7 

1.172 418.17 48.60 ee 105.96 | 87.46 88 68 

1.158 $8.35 | 48.78 $1.75 107.15 87.78 89.02 

1. 186 61.44 62.00 51.8 125.22 111.60 113.25 Drewes 

1.163 60.42 60.97 51.95 125.46 109.75 111.41 

1.187 | 70.74 71.38 59.6 139.3 128.50 130.57 rding 

1.164 72.75 | 73.41 62.5 144.5 132.15 134.40 to Diet 

1.179 82.76 83.50 70.2 158.4 150.30 1 

1.205 87.48 88 . 27 72.6 162.7 158.90 161.84 

0.974 11.50 11.60 11.8 Dod. 24 20.89 21 

1.098 21.62 21.81 19.7 67 .46 39.26 39.86 Drewes 

1.069 22.82 23.02 21.35 70.43 11.44 12.08 

1.140 34.61 34.92 30.36 86.64 62.85 63.72 

1.148 35.83 36.16 31.21 88.17 65.08 65.97 1) 

0.7065 10.49 10.59 14.8 5.27 19. 0€ 8.9 


a set of throttling experiments performed by Wobsa. This check is 
given in Appendix No. 4 and Fig. 10. 

72 Heat Content of the Liquid. The values of heat content of thi 
liquid may be found by subtracting the values of r found by equa- 
tion [14] from the values of 7” found by equation [23]. The most 
important check on these values is derived from a series of experi- 
ments performed by Dieterici and by Drewes working in Dieterici’s 
laboratory. In these experiments the quantity measured was the 
amount of heat given up by a certain weight of a mixture of saturated 
and liquid ammonia cooling at constant volume in a sealed tube. 
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This quantity was corrected for the heat due to the latent heat of 
the portion of vapor condensed and the remaining amount of heat 
was divided by the change in te IMperature to obtain the mean “inner”’ 
spe cific heat of the liquid over that temperature range. In his paper 
Dieterici v1VeS only the formula which he chose as best represt nting 


the results of his experiments, which states that the mean “inner” 


220 | 
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160 | y, 
140 
120 


100 


= 4) 
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Fic. 8 Comparison or CALCULATED VALUES oF HEA‘ CONTENT OF LiQuID 


WITH VALUES DEDUCED FROM EXPERIMENTAL Work oF DIeETERICI AND DREWES 


specific heat between ¢ and 32 deg. fahr.=1.118+0 QO0578 (t—32) 
Since this is a linear function of the temperature it follows that the 
instantaneous “‘inner”’ specific heat =1.118+0.001176 (4-32). The 
original data of the experiments are not given, but Professor Dieterici 
has kindly furnished the values which he actually obtained for the 
mean “inner” specific heat and also a copy of Mr. Drewes’ disserta- 
tion containing the values obtained by him. If each of these values 


of the mean “inner” specific heat is multiplied by the temperature 
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range covered the result will be approximately equal to the internal 
energy u above 32 deg. fahr. at the temperature ¢t. Since i’ =u’ + Apu’ 
in order to obtain values of 7’ the product A pv’ corresponding to the 
temperature ¢ must be added to the value of u’ obtained as described 
The results of these calculations appear in Table 6. Since Dieterici 
reported his results in terms of a mean calorie equal to 4.222 joules 
while in the present investigation a mean calorie of 4.184 Joules is 
used, all of Dieterici’s heat quantities must be multiplied by 1.009. 
The table includes the determinations made by Dieterici himself and 
all of the determinations made by Drewes; part of the latter ar 
called reliable by Dieterici, while the rest are marked ‘‘falsch” in 


TABLE 7 SUMMARY OF DETERMINATIONS OF THE SPECIFIC HEAT OF LIQUID 
AMMONIA 


Temperature lemperature Specific Heat Authorit 

Deg Cent Deg. Fahr of I quid 
62-30 144-86 1.22876 von Strombeck 
20-0 68-32 1.02 Elleau and Ennis 
77.7 139.9 0.886 Ludeking and Starr 
20-16 68-61 1.094 A. J. W 


the copy of Drewes’ dissertation loaned by Dieterici. The ground 
for this statement is not given. In Fig. 8 Dieterici’s values are 
plotted as black dots, and those of Drewes as circles. The values 
questioned by Dieterici are indicated by double circles. The curve 
represents the values found by the use of equations [14] and [23 
It is seen that in several cases the curve passes between the Di- 
eterici points and the doubtful Drewes points. 

73 Since the quotient obtained by dividing the change in 7’ be- 
tween two temperatures by the difference in temperature is very 
nearly equal to the specific heat, the other determinations which 
have been made of the specific heat may be used to check the eal- 
culated values of 7’. Table 7 contains a summary of the determina- 
tions of the specific heat of the liquid in addition to the work of 
Dieterici and Drewes already given; this includes the work of Elleau 
and Ennis, von Strombeck, Ludeking and Starr and A. J. Wood. 
In Fig. 9 these values are plotted, together with the curves represent- 
ing the following equations used in the computation of various tables: 
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Dieterici c’=1.118+0.001156 (t—32) 
Zeuner c’ =1.01235+0.00468 (t—32) 
Wood c’=1.121386+0.000438¢ 
Ledoux c’ =1.0058 +0 .0020322 (t—32) 
Elleau and Ennis c’ =0.9834+0 .0020322 (t—32) 
Peabody c’=1.1 constant 


74 The full line curve represents the values of the tangents to 
the heat content curve of the present investigation. Since according 
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hia. 9 CoMmMPARISON OF VARIOUS DETERMINATIONS OF SpEciFIC Heat or Liquip 
AND VARIOUS EQUATIONS PROPOSED TO REPRESENT SAME QUANTITY 


to modern ideas of the critical point the specific heat of the liquid 
there becomes equal to plus infinity, the full line curve is of a more 
rational form than any linear relation. 

75 Entropy of the Saturated and Superheated Vapor. An expression 
for the entropy is readily derived from the characteristic equation 
and the expression for cp: 


Me 


8=a log.7+8T » AR log.p - ANP orn 7 | a [24] 


For the complete derivation of this equation, see Appendix No. 3. 
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76 The constant s, is determined by passing to the saturation 
° ° « ° , . ” r ‘ . 
limit at 32 deg. fahr., where s’=0 and therefore s —. Substit- 
uting this value for s in the left-hand member of equation (s) and the 
proper values of p and 7’ in the right-hand member, s, is found to be 
equal to —0.82656. Substituting this value and the known values 
of the other constants, and passing to common logarithms equation 
[24] becomes 

er m 4m ne a, 

s=0.8796 log 7+0.000174 T —0. 2695 log p re 0.82656 |25 

where log C = 12.866554. 
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APPENDIX No. 1 


METHOD OF CONSTRUCTION OF FIG. | 
79 Using formula {7] to obtain the saturation temperatures of ammonia 


from those of water 


Let 
l ] 
— Y and so 
ww a 
the n 
wi cy 


Since y is a function of the water vapor temperature corresponding to pressure 
p, y is also a function of p; the value of y for a given value of p may be found 
by making use of the tables of water vapor pressure; z is a function of the tem- 
perature of the ammonia corresponding to this same vapor pressure p; the curve 
giving z as a function of y is evidently a straight line 

80 Since y is a function of the pressure p and z a function of the correspond- 
ing temperature, the values of x and y may represent their respective values of 
pressure and temperature. The corresponding values of saturation temperature 
and vapor pressure may be read directly from the diagram 

81 Fig. 1 was constructed in the following manner: Integral values of tem- 
perature were assumed and the corresponding values of x were computed accord- 


ing to the relation 2 -- ‘These z’s were then laid off to a convenient scale 


and each labeled with the temperature to which the value of z corresponds 

Integral values of pressure were assumed, the corresponding values of tempera- 

ture found from steam tables, and the corresponding values of y computed ac- 
] 

cording to the relation y r These y’s were then laid off to a convenient 


scale and each labeled with the pressure to which the value of y corresponds 

82 ‘The value of vapor pressure at a given temperature as taken from the 
Marks and Davis steam tables was found to agree with the value given by the 
new Marks formula with sufficient accuracy up to a temperature of 400 deg 
fahr.; above this temperature the values differed materially. In the construction 
of the chart, therefore, the steam tables were used to find the pressures corres- 
ponding to temperatures below 400 deg. fahr. and the newer formula was used 
to find the pressures corresponding to temperatures above that point 

83 ‘Table 8 shows the calculations for a few of the values of Fig. 1 

84 In order to settle upon the most probable location of the straight line 
representing the pressure-temperature relation of saturated ammonia upon this 
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chart the experimental data must be plotted. The pressures observed by Pictet 
over a temperature range of —22 to 122 deg. fahr. agree almost exactly with 
those observed by Regnault; they are neither tabulated nor plotted. Faraday’s 
results are quite inconsistent with those of Regnault, and are neither plotted 
in Fig. 1 nor given weight in the determination of the constants of the equation 

85 The two points in the upper right-hand corner of Fig. 1 represent the 
experiments at the critical point he open square shows the values given by 
Vincent and Chappuis and the solid triangle the values given by Dewar. The 
values from which these points were plotted are given in Table 9 


86 ‘This table also contains the values for critical data given by Jaque rod and 


Scheffer, which were found after the plate for Fig. 1 was mad 








APPENDIX No. 


DERIVATION OF EQI 


87 The Clausius relation is expressed by the « 
OC ; sat O-l 


Op |q O71 


The derivative in the right-hand member 


equation. ‘Thus from equation {18 


07 7 


and 


O97 l 


ATION {19 


quation 


Substituting the second derivative in the Cl ius relat 

) in } l 

yp 17 l 
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Wi l 
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| 
b netion ¢ ¥ 
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during the integration; hence 
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ATIONS [22] AND [24] 


DERIVATION OF EQlt 


istant pressure in 
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APPENDIX No. 4 


PEST OF VALIDITY OF EQUATION 25| BY MEANS OF THE LAW OF COR- 


RESPONDING STATES 


90 Since 7 is constant in a throttling process, the Joule-Thompson coefficient 


ma ™mey be defined as the derivative 


o7 
Oo] 
From Cull 
?) 
o7 oy 
) ) 
7 
nd trom the definition of heat content 
) 
O17 
Hence 
O7 l 
O7 { 
Or 
A|n ; 
( ] 


91 From equation [87] it is seen that » varies with the pressure; as the tem 
perature rises, however, the influence of pressure decreases. Joule and Kelvin, 
working with gases far removed from the ituration limit, found that 4 
varies inversely as the square of the absolute t« mperature The experime! tal 
values of » for steam expressed in pounds per square inch and degrees fahrenheit 
were reduced by multiplying by 2.56, a factor which is the ratio of the critical 
pressure of water (2947 lb. per sq. in.) to the critical temperature (1149 deg 
fahr.), these critical values being the ones determined by Cailletet and Colardeau 
Davis gives a curve which he says represents the experimental values for water 
in the best possible manner; the values in this curve are those translated bach 
to ordinary units. Later determination of the critical constants for water by 
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TRAIN LIGHTING 
By H. A. Currre AND BENJAMIN F. Woop 
ABSTRACT OF PAPER 


This paper reviews the subject of train lighting from the time candles wer 


used to the present day The methods employed are given in historical order 


and comprise the candle, oil, gas, and electric lighting systems. The systems 


appear to oc upy a pe riod ol 25 years ¢ ich, beginning with candle lighting in 
1825. The early methods of candle and oil lighting are described in brief outline 
rhe gas lighting period is gone into more fully and the systems in general use 
ire described Che electric lighting period is naturally discussed in still greater 
detail 


lhe development of the present systems from the t 


batteries were first used is gone int 


», and the present day straight storage, head- 
end, and axle equipments are described in detail. Under axle generating systems, 
the various requirements for successful operation are discussed and the various 
types of suspension are described. Questions of suitable voltages, lamps, de- 
flectors, and fixtures are taken up and standardization of voltages and batteries 


are discussed 

labulation showing the number of electrically lighted cars, cars to be elec- 
trically lighted, types of battery, voltages, number of cells, etc., is included 
is also a train lighting bibliography arranged in chronological order 
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TRAIN LIGHTING 
By H. A. Curriz,! New York 
Nem-Messbes 

and 


Bensamin F. Woop, Avroona, P 


Member of the Society 


he first railway trains, usually made up of one car, made 


short trips in the day time only and artificial light was not re 


quired : as the trips were extended into the evening the cars 
were still unlighted. The lighting of stage coaches before the 
day of railway coaches was obtained by candles brought in 


by the passengers themselves and placed in sockets along the 


sides of the coach. It is recorded that the first railway car 
illumination can be traced to one Thomas Dixon, a driver on 
a horse train railway in England in 1825, who out of his gener 
sity placed a penny candle on a table in the center of the car 
fo. the convenience of his passengers. The early railroad 
patrons who contemplated traveling by night, and were fore 
sitohtect. brought thei own candles: and later the candles 
were supplied by the railroad companies in crude sockets, but 
the passenger had to hieht them and nurse the flame. 

A review of the development of railway car lighting shows 
that it is divided into periods of approximately twenty-five 
vears for each of the illuminants used. beginning with candles 
in 1825. In 1550 oil lamps were introduced, which gave way 
to gas in 1875, and this in turn was superseded by electricity 
In 1900. The development of each of these systems extended 


over a number of years and the new illuminant did not entirely 


displace the previous 1 ethod of lighting I) fact candles are 


Asst. Elec. Engr., N. Y. C. & H. R. R.R 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 29 West 39th Street, 


New York. All papers are subject to revision. 
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sometimes used today for emergency lighting, while oil lamps 
may be found in many coaches. With the early applications of 
electric lighting to cars it was usual to retain gas lights fo! 
emergency use. Increased reliability of the electric System las 
now made this precaution unnecessary. Light failures on well 
maintained electric service now average in the neighborhood of 
L per 1,000,000 miles. 


CANDLE PERIOWM 1825 TO 1850 


3 ‘The railroad companies first developed the candle light 
by placing the candles in proper sockets, putting chimne) 
around them and deflectors on top of the chimneys. Late! 
the candle flame was kept at a predetermined focus by a spring 
in the candle socket. ‘The candles used in this country wert 
made from the solid distillates of petroleum formed in mold 
under pressure, While in Kurope wax and tallow Ulp Wert 
chietly used. 


OIL PERIOD 1850 TO 187 
4 The railroad companies recognizing the need of bette: 
illumination tried various forms of oil lamps, and in this de 


velopment the lamps were always the latest Improvement 


regards safety and reliability. ‘The oils used in this country 


were distillates of petroleum ditfering in ftlame and fire test 
in the various states and on dillerent roads. ‘The oils used in 


Kurope were vegetable olls, because of the high Cost oO] 
lmporting mineral oils and because of the supposed dange! Lrol 
fire. ‘The danger of fire from oil of either class depended, how 
ever, more upon the method of containing than in the kindling 
point, except in the very low flash point distillates of petroleum 
which were not used directly in railroad work. 

D The European practice for ol lamps Wa to use rape 
seed and Colza vegetable oils which are irregular In Composition 
and congeal in cold weather. ‘The difficulties met with in the 
burning of this oil in Europe led to the development of central 
draft burners, which were also used in this country to burn 
heavy oils. The early types of mineral oil burners were merel\ 


reservoirs into which fibrous wicks were dipped throu r| 1 
able holders. Two wicks feeding one flame was the next de 
velopment, allowing a more copious supply of oil to the flame 


and a brighter light resulted. 








H. A. CURRIE AND BENJAMIN F. WOOD 73 


6 The Argand and belgian burners are representative types 
of the central draft burner. ‘The Argand burner has a tube and 
annular wick providing a strong draft of air both to the in 
side and to the outside of the flame. ‘This results in a high 
temperature and a bright white light. ‘This burner was the 
forerunner of several central draft burners used for car, locomo 
tive and station lighting, where a high candle power was 
desired. A maximum of 6U c.p. has been obtained from one lamp 
of a size suitable for railway cars by this central draft method. 
Lhe Belgian lamp represents the highest unprovement in de- 
livering a current of air both inside and outside the flame so 
that it will uupinge on the flame at the proper point to pro- 
duce rapid conibustion. Other burners of this type are the 
Acme, the Student Lamp, and the Westlake lamp. 

i Lhe reservous of these lamps were generally of metal and 
either double glass or specially tough single glass chimneys 
were used. Wien the lamps were placed in the center of the 
celling of the car, smoke bells were prov ided to take olf the prod 
ucts Of combustion ahd to protect the flame from drafts. ‘The 
Oli lallips had veel generally superseded for first class service VD 
other illuminants before the development of the incandescent 
mantle, and therefore, has not been used with the oil lamp in 
train lighting. 


GAS PERIOD 1575 TO 1900 


5 About 1570 coal gas was introduced as a head-end system 
on several railroads as a lealis ol lighting Cars. A reservoir 
in one of the cars, known as the guards van, was filled with gas 
secured from the city mains and then slightly compressed by 
water displacement. ‘The reservoir which had a capacity of 
about 100 cu. ft. was generally square in shape and was made 
of strong canvas reintorced by wood ribs. Gas was conveyed 
to the lamps, which burned about 5 cu. ft. each per hour, 
through iron pipes with rubber hose connections between cars. 

9 Nearly ten years later Mr. George Westinghouse devised the 
‘alr gas” or carbureted air system. A heavy cylinder, sus 
pended underneath each car, was filled with such material as 
sawdust, felt, etc. saturated with some light hydrocarbon such 
as benzine. Compressed air was passed through the tank and, 
becoming saturated with the hydrocarbon vapor, was conveyed 
to the lamps where it was burned. The system was never ad 
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vanced much beyond the experimental stage, as changes 11 
temperature allected the carburation to a great extent. 

10 Carbureted gasolene, made by muxIng alr and gaso 
lene in suitable proportions was the next systein to be used. ‘The 
best example is probably the Frost Dry Carbureter System. 
The essentials of this system are that the gasolene be kept from 
leaking and that the gas be burned as soon after generation as 
possible without undergoing any change of temperature. ‘The 
Frost syste) accomplishes this by locating on the roof of the 
ear directly over each lamp, the carbureter which consists of 
a Chamber filled with wicking soaked in gasolene through which 
air from the air-brake system is passed at a low pressure, the 
gasolene vapor being supplied to a burner directly underneath. 
The products of combustion are passed out through a smoke 
bell which leads around the carbureter, thus tending to keep 
the gas at the proper temperature in all weather. ‘The difficulty 
of maintaining this proper temperature, however, was the chief 
drawback of the system. 

1] The extensive manufacture of calcium carbide DY the ele 


trochemical process gavi the acetylene system a great mpetu 


Examples of the acetylene system in extensive use were first. the 


Adlake system in which about 50 |b. of calcium carbide, placed 


In a portable steel containel nstalled ! i special panel In the 
Car, IS arranged so that Vas is generated automat ully is re 


quired by water dropping upon the carbide. In order to obtain 
this automatic supply, a small tank is placed underneath the 
car and connected to the steel container, which automatically 
produces the gas because of the back pressure of the water sup 
ply when a certain amount of gas has been generated. 

12 The Avery system resembles the Adlake system, except 


that the generator Is place 1 underneath the cai body. 


13 The third systen ised to some extent. 1s known is th 
Commercial and in this, acetone, a liquid distilled from wood 
alcohol and having the property of absorbing acetylene unde 
pressure, is used. The gas 1s stored in tanks filled with asbestos 
discs saturated with acetone, and 1s Piven olf as the pressure 1D 


the tank is reduced. 
14 Acetylene gas gives a more intense light than any of the 
other oil or gas systems, but it 1s explosive and this fact has mil 


itated against its extensive 
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15 In 1867 Pintsch, in Berlin, devised the system of gas 1 
lumination which bears his name. ‘The distinctive features of 
this system are, the manufacture of gas from crude petroleum 
by heat distillation, which gas is not decomposed by compres 
sion and subsequent expansion and a regulator which controls the 
supply of gas to the lamps at a very low pressure for atmo 
spheric burning. Because of its reliability and increased storage 


capacity, obtained bY Charging the reservoirs at a high pressure, 


the Pintsch gas Is very extensively used for car lighting. Other 
systems previously tried, hamely, coal, Water, and natural vas, 


did not have these distinctive features and up to that time, were 


not a success. The substitution of mantle burners for the ordin 


iry fish-tail burners has greatly improved the quality of light, 
ana enabled the Pintsch Vstel to conlipete on ore equal term 


with electric lighting. 

io. The Pintsch S¥Vstemi requires a separale plant with appl 
ances for generating, Colipressing ahd storing the fas, 4a! 
sullable tank Cars ahd plpe lines fo conveying the gas lo the 


ar reservolrs. 
ELECTRIC PERIOD O DA 


if Early in 1581 the London, Brighton and South Coast 
rallway) had in operatllon a straight storage battery syste With 
a ballery uldel each car, the battery being charged during the 
layover period at terminals. 

ls Bichromate primary batteries were tried on trains in 
l'rance during the year 1555. ‘The scheme was abandoned, how 
ever, When the first set of batteries had run down and renewal! 
of the electrodes and acid was necessary. 

19 About this time both the Pennsylvania Railroad and U 


Boston and Albany tried out the straight storage ten Lhe 
general opinion was that the system: was practi 
pensive for general use. 

20 In 1555 the Chicago, Milwaukee and St. Paul had in 
service a train equipped with a head-end system consisting of 
a boller, engine, generator, etc., installed In a eparate car for 
supplying light to the train. ‘The present system, developed 
later, uses steam from the locomotive. 

21 The axle driven generator was developed coincidently 
with electric lighting. The first installation of this kind con 


sisted of a generator connected to a relatively high « ipacity 


— 
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battery and hand-operated main switch and pole changer, regu 
lation being ellected through the inherent regulation of the 
batteries taking the excess current at high speeds, thereby hold 
ing the voltage nearly constant by armature reacuon. Later 
the brushes were automatically shifted with the speed for voltage 
regulation. ‘The next step was to allow the belt to slip at speeds 
in excess of the speed required to deliver current at normal 
voltage. 

22 Various early and intermediate systenis were proposed, 
among which may be mentioned: 

a <A head-end system deriving power from a fan-driven 
dy Lamo on the puot. 

U A track wire syste, especially through tunnels, ror 
lighting cals Irom a trolley. 

¢ <A track wire system for charging batteries Irom ab 
auxiliary trolley while cars were passing through 
electrified territory. 

23 ‘The working out of the early tried system resulted in 
the more or less general adoption of the following: (a) the 
straight storage system, (0) the head-end system, (c¢) the axle 
generator system. 

STRAIGHT STORAGE SYSTEM 

24 In this system, each car is provided with a storage bat 
tery, Which must be charged at terminals during the layove 
period. A consideration of the requirements for successful 


o essentials: 


operation reveals the following 


The capacity of the battery must be in excess of the de 
mand for current to operate lamps, fans, etc., for the 
longest run between charging periods. 

The power plant, or other outside source of power, must 
be of suflicient capacity to meet the maximum de 
mand for charging current. 

‘The layover time at terminals must be sullicient to covei 
all necessary shifting and charging of the batteries 
at the proper rate. 

The yard must have a sufficient number of tracks pro 
vided with charging outlets, so arranged that the 
charging of batteries will not interfere with shifting 
operations. 

25 Two considerations enter into the determination of the 
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size of the battery; the demand for current and the weight of 
the battery. The demand for current will vary with the type 
of car used, the number and size of lamps and other electrical 
apparatus Installed and the time during which this apparatus is 
used. ‘The battery must be divided into units of a weight that 
may be readily handled. 

26 The batteries in general use in train lighting service have 
a rated capacity of approximately 300 ampere-hours. This 


rABLE 1 SHOWING COSTS OF VARIOUS SYSTEMS OF ILLUMINATION PER CAR 


1875-1900 1900 
1825-1850 1850-1875 GAs ELEcTRIC 
( lie ) 
Gaso- | Acet - | Head-| Straight) Axl 
ier Pints« i € End Storage | Coact 
8 carr 4-20 20-5 50-60 60-70 | 60-70 ;0—40 40-50 60-70 
( Dn I wer j ) 2 t 200 ) 10 0 250 50 
Fixt $3 $10-—$60 |$500 $400 $500 $7008 $600 $1000 
_ t tia 608 $40 25 20 . 
i a yy g Cost. ] 25 40-120 150 150 | $200 750 500 200 
Yea hia AN ( 200 $200 | 400 300 $00 
] I I m 
0 ) SHO | 100 62 145 
a | i ( 2U ( ) 400 S000 2 l 0 750 
I ar | 5 l i 1 2 6 4 35 l 34 12 
\ t these vere equipped 
l al t ( 
SShare 5 4 ring 4 
“A 
B a ( i all seats he Fixtures 
( i r A ( Pla the first 
i i | Y Uperating Cost includes ft 
i i i ince Dut not all are a al ts are filled out by cl 
i ( » i 1ecans O ig ) passenger 
Table 2 Methods and Distributions of Car Lighting Systems. 


is about the maximum limit of capacity for Plante’s type bat 
teries having weight low enough 

27 The great majority of cars on which this system is used 
are equipped with a 64 volt lead-lead, or nickel-iron battery with 
cells connected in series. A few cars are operated at 
other voltages, viz. 26, 30, 32 and 110. It was the practice of 
one railroad some years ago to operate at 25 volts, using 12 lead 
lead cells in series, with two or more 12 cell sets on a car 
nected in multiple. 


for convenience in handling. 


con 


a 


28 ‘Two battery boxes are generally provided and secured 








— 
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to the under side of the car, one on each side equidistant 
from the ends of the car, and with the front or door side slightly 
back of the line of outside finish. The cells are put up in double 
compartment lead-lined wood tanks provided with handles, 
rollers, ete., for convenience in handling. 

29 The two halves of the battery are connected in series and 
leads are run to the switchboard in the end of the car. ‘Taps 
are taken off these leads at the battery terminals and run to 
charging receptacles, conveniently located on each side of the 
car. 

30 The ampere-hour meter is coming into general favor as an 
indicator of the state of charge of the battery. As an adjunct 
a shunt trip circuit breaker is sometimes installed, the connec 
tions being such that, when the battery is fully charged, the 
pointer on the meter closes a circuit which energizes the shunt 
trip and opens the breaker, thus cutting the battery off charge. 

31 The source of power available for charging purposes at 
terminal yards must be of the proper voltage and of Capacity 
sufficient to meet the maximum demand. The charging voltage 
provided is usually oU per cent higher than the normal voltage of 
the battery. Hand or automatically operated resistance de 
vices are provided for reducing the voltage of the individual 
charging lines to the proper point. 

32 The batteries are charged while on the car under normal 
conditions. When the layover period is short it 1s sometimes 
necessary to exchange a discharged battery for one fully 
charged. 

33 The operating schedule of cars equipped with this sys- 
tem must be worked out to allow sufficient layover at terminals 
to permit the charging of batteries and shifting of cars. Any 
thing that restricts the shifting operations necessitates either 
additional yard trackage, additional motive power, or both. As 
cars produce a revenue only when in service, it is the aim of the 
transportation department to decrease the layover period to 
a minimum. 

HEAD-END SYSTEM 


34 The head-end system consists essentially of a steam 


driven generator located in the baggage car or on the locomo 
tive. Proper controlling apparatus is provided and train lines 
are run from the generator through the entire length of the 
train. flexible connections being used between cars. 
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35 So far as can be learned the first head-end system was 
installed by the Pullman Palace Car Company in January 1887, 
in some of their composite cars. A three-cylinder srotherhood 
engine, direct-connected to an Kickemeyer generator, rated at 
SO amperes and 80 volts full load at 1200 r.p.m. was used. These 
cars Were operated in the Atlantic Coast Line Special running 
between Jersey City, N. J... and St. Augustine, Fla. In June of 
the same vear the Pennsvivania Limited was equipped with the 
sume type of apparatus. In both of these trains the individual 
cars were equipped with batteries. 

36 This svstem of lighting was afterwards taken up by other 
eastern railroads but at the present time it is used chiefly on 
roads operating west of Chicago. Following the Brotherhood 
engine, the Westinghouse standard engine. the De Laval turbine 
and the Curtis turbine entered the field in turn. 

37 The Pennsylvania Railroad conducted a series of exper! 

ments with the “Gould Booster ~ head-end system, which con 

sisted of a compound-wound turbine-driven generator mounted 
on the locomotive. with a motor venerator booster and automatic 
switches mounted on the tender. Four train line wires were 
run underneath the cars and were joined together by connectors 

that uncoupled automatically when the cars were parted. A 

battery and transfer switch were provided on each car. In 

this system, unlike any other in use at that time, the entire con 
trol was automatic after the generator Was started. 

38 The head-end system of today comprises the following 
apparatus: 

A generator, usually steam turbine-driven, placed in the 
baggage car or on the locomotive. and furnished with 
steam from the locomotive. 

The necessary indicating, regulating, and controlling ap 
paratus placed near the generator and in an acces 
sible position. 

Train line wires of the proper size cn each car and 
running the entire length of the train. flexible connec 
tions being made between cars, in the vestibule. 

Jatteries, ¢« nsisting of a suitable number of cells con 
nected in series and placed in battery boxes attached 
to the under side of the cars. 


Lamp regulators are sometimes installed in the cars to 
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compensate for the line drop and to maintain con 
stant voltage at the laps. 

39 The successful operation of this system requires that a 
sufficient amount of steam at the proper pressure be provided 
when lighting Is hecessary. As it is the object of the transporta 
tion department to get trains to their destination on time, lack 
of steam is felt first by the lighting system, the pressure being 
reduced or steam cut oll entirely so that the schedule nay be 
wiaintained. 

40 When the train is broken-up en route, it 1s obvious thal 
each section must either be equipped with a battery to insur 
light until the train is again made-up, or provided with soni 
auxiliary light. 

41 A member of the train crew must be capable of operating 
the generating apparatus and of making running repairs an 
adjustments en route. 

ty Head-end systems are generally operated at 64 or LIU 
volts, although in late years the introduction of tungsten ial 
has gone a long Wa) to eliminate the need of the high Vollay’ 
equipments and comparatively few railroads are now using 11 
volts. 

43 It is apparent that the use of the head-end system mu 
be restricted to a few trains having assigned runs or that 
it must be extended to cover all the cars operated by the rai 
road in electrically-lighted trains. 

AXLE GENERATOR SYSTEM 


44 The axle generator systems used in this country comprise 
the following principal parts: 

a An axle-driven generator mounted on the car truck 
(Abroad where rigid trucks are used the axle weneri 
tor is frequently secured to the under side of th 
car body.) 

6 <A suspension by which the axle generator is s Ipporte 
from the truck frame. 
A drive, connecting the armature shaft to the axle. 
d <A regulator for controlling the voltage and output of 
the generator at all train speeds. 
¢ An automatic switch designed to « pen on revel 
rent for the purpose ot preventing dis harge of the 


battery through the generator. 
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jf <A regulator for controlling the voltage impressed on 
the lamp circuits. 

A battery of a suitable number of cells to supply cur 
rent when generator current is not available. 

i> kor the successful operation of the system, the following 
requirements must be met: 

The polarity. of the generator terminals must remain 
unchanged with a movement of the car in either 
direction. 

At all train speeds, from the culling in speed of the gen 
erator to the maximum, the generator output anal 
voltage must be maintained within the desired 
working limits. 

The generator must be automatically connected and dis 
connected from the battery circuit as the train speed 
rises above or falls below the critical speed. 

The lights may be burned at any time and the transfer 
of this load from the battery to the generator and 
vice-versa must result in no appreciable change in the 
candle power of the lamps. 

The voltage impressed on the lamp circuit must be main- 
tained within such limits as will give satisfactory il- 
lumination and reasonable life of lamps. 

16 ‘The early axle generators were practically all of the con- 
stant current type. ‘The generator maintained a constant current, 
only that portion going to the battery that was not required 
by the lights. ‘The generator output could be varied by hand 
adjustment, and it was necessary to adjust the generator output 
sv that there would be an approximate balance between the bat- 
tery input and battery output, account being taken of the bat- 
lery alipere hour elliciency. This requires consideration of the 
(a) the ampere capacity of the generator, 
(L) the alipere hour demand during the trip. 


following factors: 
The demand 
varies with the number and size of lamps installed, the run 
in which the car is operated, the number and duration of stops, 
and the proportion of total running time of the train below 
cutting-in speed. A change of the car from local to through 
service, or vice-versa, required a complete readjustment of the 
regulation. A failure to so readjust would quickly result in 
battery deterioration, the plates becoming sulphated with a low 
generator output, while a corresponding high output would 
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boil away the electrolyte. In a variation of this method 
the battery was charged at a definite rate, generally the 
normal charging rate, while the generator output’ varied 
with the lamp load. In more recent systems constant cu 
rent is maintained until the Venerator voltage. Increasing as 
the counter e.m.f. of the battery, reached a definite value, 
after which one of two results would obtain, depending upon the 
design of the control apparatus. In one the generator voltage 
was held approximately constant producing what was known 
us the taper charge or a gradual decrease in the rate of charge. 
In the other, the generator voltage was automatically reduced 
to the “ floating ~ e.m.f. of the battery and maintained approxi 
mately constant. This was known as “stop charge” regulation. 

tf =Both methods originally depended upon the operation ot! 
a voltage coil actuating a switch, which in turn changed the 
field current by means of resistance. Premature closing 
of the battery stop charge switch resulted in undercharging and 
consequent sulphating, while delayed closing caused overchare 
Ing and the boiling awa) of the electrolyte. 

1s ‘These devices are being superseded by il sVsteln 
using a voltage coil in the regulator imstead of the 
voltage switches previously mentioned. Here the current 
output is maintained constant to the full generator capacit 
regardless of the current demand, and the battery must supply 
all current in excess of the capacity of the generator. A 
the battery becomes charged the generator voltage gradually 
increases and at a predetermined voltage the voltage regulating 
coil takes the control of the generator from the current regulat 
ing coil and when the battery becomes fully charged the cur 
rent decreases until the battery is “floating on the line.” As 
the voltage on the battery on charge is approximately 30 per 
cent higher than on discharge, it is necessary to provide some 
means of lamp regulation in order to keep a constant voltage 
on the lamps. In the early axle generating systems this was 
accomplished by introducing a fixed metallic resistance into the 
lamp circuit at the instant the automatic switch closed trans 
ferring lamp load from battery to generator. This method, 
however, was not altogether reliable as the generator voltage 
varied with the condition of the battery and the number of 
lamps burning. The variation of the voltage due to these condi 
tions soon led to the development of a variable metallic resist 
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ance in place of the “fixed resistance. In this method of 
regulation the amount of resistance in the circuit was varied by 
means of the operation of a small auxiliary Movol operated by 
a voltage relay or other means. 

19 A later type of lamp regulator employed, as a means of 
regulating resistance, a series of carbon blocks, the resistance 
being varied by varying the pressure on these blocks, the varia- 
tion of pressure being determined by a pilot voltage coil con 
nected across the lanip hialns. 

50 In this country it is the general practice to support the 
uxle generator from the truck frame. When first applied, the 
vehnerator Was placed between the axle and the truck-end sill, 
this arrangement being known as “inside suspension.” ‘The 
generator was not easily accessible for inspection and repairs, 
and at the present time jt is placed outside of the truck frame, 
this arrangement being known as “ outside suspension.” ‘There 
are four general methods of carrying the generator from the 
suspension framing, viz. bottom pivoted, top pivoted, parallel 
link and sliding. ‘The bottom pivoted was first used but at 
the present time the parallel link suspension is in more general 
use. 

ol The drive usually used employed a rubber-filled canvas 
belt running on pulleys on the axle and the armature shaft. 
The axle pulley as first used Was Cast 1lron mounted directly on 
the car axle, the bore of the pulley conforming to the taper of 
the axle, but on account of inequalities in the axle which was 
hammered or rough-turned, it was wrapped with tarred paper. 
The axle pulley at present in use Is of pressed steel. mounted 
on a steel bushing, the bushing being secured independent 
ly to a turned seat on the axle, and the pulley mounted thereon 
selt tension is provided by means of springs which also afford 
relief to the belt due to the movement of the car axle with 
respect to the truck frame. One spring is generally used when 
the generator has top, bottom or sliding suspension and two 
springs with the parallel iink suspension. Chains of the silent 
type have also been tried and have the advantage of positive 
action and decrease in bearing pressure, but the wear of the 
links beth cn the face and the pivot sprockets has been ex 
cessive. Belts of V section have been tried and would seem to 
have the same advantages as the chains, but it is found that 
in winter the bottom of the V groove in the sheaves packs with 
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ice and snow, and driving power is lost. Neither the chain 


hor \ belt requires tension device. 


db2 A torm of shaft drive, from a bevel gear on the car axle, 
through an extensible shaft with universal couplings to a genera 
tor carried from the car body, is being tried. .A gear drive, 


with the generator mounted on the car axle after the manner oi 
the street car motor mounting has also been prepared and will 
soon be tried. The latter will no doubt require a track pit for 
the inspection and repair of the generator. 

53 Plain bearings with ring oilers were used almost ex 
clusively until five years ago. With this method of lubrication, 
it Was necessary to carry the oil level so high that it frequently 
entered the generator frame and damaged the armature and 
field coils. ‘Lo overcome this trouble, a form of wick oiler was 
tried which, however, proved unsatisfactory. ‘The next improve 
ment was a combination ring and chain oiler, which is now in 
general use oh One type of machine. Waste packed bearings have 
ulso been extensively used and have given no trouble on account 
of oil entering the generator frame. Considerable trouble, due 
to hot bearings has been experienced. Ball bearings for axle 
generators were introduced in England about 1907 and tried in 
this country in the early part of 1911. Although the use of ball 
bearings to date has been limited, the indications are that this 
bearing will become very popular on future machines. On ac 
count of the widely varying temperatures between summer and 
winter conditions that obtain in the operation of axle generators, 
it was necessary to develop special oils that would remain fluid 
at low temperatures. ‘Those now used have a freezing point of 
10 deg. fahr. For ball bearing lubrication grease should be free 
from acid or alkali; should not oxidize or evaporate; should not 
gum or lose its body. 

LAMPS AND VOLTAGE 

54 The early train lighting lamps were of the ordinary 
multiple burning type regularly manufactured, and as the de 
mand increased manufacturers took up the development of lamps 
especially adapted to train lighting. One of the requisites of 
these lamps is that the smallest size bulb consistent with reason 
able life of lamp be used. 

55 Among the early lamps was a foreign-made carbon 
filament lamp operating at 4 watts per c. p. Some time later, a 








li. A. CURRIE AND BENJAMIN F. WOOD Sv 


carbon lamp operating al o.o Watts per c. p. Was developed by 
\imerican manufacturers. 

o6 It was found that the future of electric car lighting de 
pended lo a large extehl upon whether or not lamps of still 
higher efliciencies could be manufactured in large quantities. 
About this time the tungsten lamp was introduced in regulat 
multiple burning service and investigations were immediately 
started with a view to adapting it to car lighting. ‘The use ol 
tungsten lamps, however, was looked upon with some doubt on 
account of the extremely fragile nature of the filament, especially 
in the smaller sizes. Eventually a 25-watt lamp was developed. 
This did not lliprove conditions uppreciably, since many ol the 
carbon-filament lamps were approxunately of the same wattage. 
further investigations resulted in the development of a 15-watt 
lamp which improved conditions sufliciently to warrant its use 
in large quantities and made it possible to light a car at a 
reasonable current demand. With the introduction of tungsten 
lamps the standard voltage of axle generators has been changed 
from 60 to 80 volts. 

>? Coincident with the introduction of Lungsten ialps into 
train lighting service there was introduced the so-called ™ hot 
filament ” systel. ‘The basis for this system was the belief that 
au tungsten filament of the early type when heated to about 40V 
deg. falir., was less fragile than when cold, so that by maintaining 
the filaments at this leniperature the life of lamps could be mate 
rially increased. A circuit switching arrangement was provided 
whereby the lamps were operated across 30 cells of battery when 
light was desired and across the two remaining cells of the 
battery at other times, this being sullicient to keep the filaments 
at a dull red. Later, the introduction of the drawn wire filament 
rendered this system unnecessary, and it has been abandoned. 

53 Metalized-filament lamps with small opal bulbs, operat 
ing at about 244 watts per c. p. were developed for berth light- 
ing. ‘These lamps gave satisfaction at first, principally because 
berth lights had never before been furnished. As the public 
became educated to their use, the demand for more light in 
berths became pronounced, so that it has been found necessary 
to use the 15-watt tungsten lamp as a berth lamp, and the use of 
metalized filament berth lamps is decreasing very rapidly. 

59 Tungsten lamps for train lighting purposes are now fur 


nished in 10, 15, 20, 25 and 5U-watt sizes, although the bulk of 
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dd TRAIN LIGHTING 


demand is concentrated upon 15 and 5U0-watt lamps. Spherical 
bulbs are used almost exclusively, 354 in. mi diameter for the 
oU-watt lamp and 2 5/16 in. in diameter for the smaller sizes. 

6U Lhe voltage of the lap ls necessarily dependent upol Lin 
voltage of the generating system. An investigation of the 
records of the principal railroads shows the use of the following 
voltages at the present time: 24, 26, dU, 32, 60, 64 and 110. Lhe 
bulk of the demand for train lighting lamps is concentrated on 
two voltage groups, the 3U volt, which includes lamps between 
Yd and 84, inclusive, and the 6U volt, which includes lamps ol 
from 5V to 69 volts, inclusive. 

61 From an engineering standpoint, it is highly desirable 
that as many of the voltages, wattages and sizes of bulb as Is pos 
sible be eliminated. From a manufacturing standpoint, it Is 
desirable that some variation be allowed in the voltages, as 
a large number of high-voltage and low-voltage lamps ar: 
accumulated in the manufacture of lamps of a fixed voltage. 
This brings up the questlon of the inspection of lamps before 
purchase. 

62 On account of the method of manufacture of train light 
ing lamps, manufacturers have found it most convenient to 
inspect the lamps for initial variation by holding the lamps at 
u fixed candle power, allowing the voltage and current to vary. 
Irom the railroad standpoint, this method of inspection seems 
to be wrong, as the voltage of the circuit is maintained at a very 
closely fixed value in actual service. If the manufacturers could 
be persuaded to do so, it would be much more desirable to have 
lamps inspected by holding them at a predetermined voltage, al 
lowing the variations to take place in the wattage and candl 
power. 

63 According to the present method of inspection, a varla 
tion of 5 per cent above and below in voltage and 8 per cent 
above in watts is allowed. If the demand is concentrated tov 
greatly upon one type of lamp, it will probably be necessary 
to increase these limits. On the other hand, if the railroads 
among themselves can standardize their voltages close enough 
for each voltage class to permit the use of any of the lamps 
on any railroad, the demand for any one voltage lamp will prob 
ably not be great enough to make the increasing of the lin its of 
inspection above mentioned necessary. 

64 Until recently little attention has been olven to the de 
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velopment of reflectors adapted particularly to railroad service. 
Phere are several very eflicient reflectors how on the market 
Which in some cases have increased the intensity of the lioht On 
the reading p! ine In a passenger car as much as 65 per cent with 
out changing the current consumption or the candle power of the 
lulips. To secure the best results, attention must be given to the 
proper location of the filanient relative to the reflector. 

Oo Pha question of sockets also plays a very important part 
in car lighting. ‘The socket must be sulliciently rugged in its 
construction to withstand the jar and vibration encountered in 
Lhie handling ol pussehger equlpment Cars. It must also be so 
constructed that when the lamp is screwed home there will be 
sufficient spring in the inner shell and contact, to lock the lamp 
in position, holding it so light that it will not become unscrewed 
by the jar and vibration. 

STANDARDIZATION 


66 The Association of Railway Electrical Engineers has 
made recommendations as to the standardization of many of 
the details pertaining to electric car lighting and a number of 
the railroads of the country have already indicated their in 


tention « 


f following these recommendations Dy changing their 
equipment to conform to the recommended practice. 
67 ‘The standard voltages recommended by the Association 
of Railway Electrical Engineers are: 
60 volts (nominal) for straight storage and head-end 
Systelis 
30 volts (nominal) for axle generator systems 
Od Lhe lend battery has been fairly well standardized ana 
the construction recommended includes a two compartinent lead 
lined tank with rubber jars. The principal variations from the 
standard in the lead batteries are that some roads are now using 
lead covers 1n place of the rubber covers, this change being 
made to lessen the danger Lo battery repairmen on account of 
vas explosions, and the difference in the method of making the 
connections to the battery posts. 
69 The differences in batteries are not of such a character 
us to preclude the interchange of batteries on different roads. 
70 The nickel-iron battery is manufactured only by one com- 
pany and therefore the battery is more easily obtained to 


standard construction and dimensions. 
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EFFICIENT PRODUCTION OF CYLINDRICAL 
WORK 


By C. H. Norrox 
ABSTRACT OF PAPER 


grinding machines were designed for the purpose of producing a highet 
legree of refinement than was possible with the lathe, both being used 


is tools 


of refinement. Later developments show that the highest efficiency is secured 
the great majority of eases by using the lathe solely as a roughing tool, trans 
erring the entire responsibility for refinement to the grinding machine 
rhe process of roughing is not to be considered in the usual sense of turning 
o a few thousandths of an inch over the finished size, since this involves an 
element of refinement and loss of time The workman at the lathe should use 


the coarsest feeds possible without regard to finish, calipering the work at the 
beginning of a cut only, where the tool should be fed by hand for 


i short distance 
While a piece roughed out in this manner may require a longer 


or this purpose 


time for grinding than if roughed out more carefully with 


a certain degree ol 
efinement, the combined time for lathe and grinding machine will be less than 


i 


part of the refinement was done by the lathe 
il CXampl ire quoted by the vuthor ol 


cordance with the principles outlined. It is held that lathe departments and 


vrinding departments should be conducted under one head. instead of separately 


isually the case, to avoid the tendency of the lathe department to consider 


work as a finished product, and of the grinding department to insist on careful 


a better showing of time required for grinding 


irning in oracr ft Trisit 


























EFFICIENT PRODUCTION OF CYLINDRICAL 
WORK 


By C. H. Nortron,!' Worcester, Mass 


Non-Member 

Turning is one of the oldest of the mechanic arts, and the lathe 
is one of the oldest metal working machines: but the lathe has 
been a very inefficient tool until the present time. We now have 
lathes so designed that they can be made eflicient. I believe, 
however, that we are not as a rule using the modern high power 
lathes as we should, and are losing what they were designed to 
save, viz., time; that while we use them as roughing machines 
we also use them as refining machines. 

2 Most cylindrical work must finally have size within small 
limits and be truly evlindrical within still smaller limits, which 
led mechanics in the past to study the art of refined turning. 
When this art had reached a high degree of refinement, men dis 
covered that it did not satisfy them and cylindrical grinding 
was introduced to give more refinement than could be obtained 
with the lathe. The natural conclusion at that time was that 
the grinding machine should take up the work of refinement 
after the limit of refinement had been reached with the lathe 
and the early grinding machines were, therefore, designed with 
this thought in view. 

3 Later, however, it was shown that ground eylindrieal work 
could be produced at a cost no greater than the turning alone 
had cost, simply by using the lathe to remove a large proportion 
of the metal necessary to be removed and not at all as a means 
of refinement; transferring the entire responsibility for refine 
ment to the grinding machine. 

t While some understand this and are producing cylindrical 
work efficiently, I believe the great majority are still under the 


‘Norton Grinding Company 
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spell of tradition, and are turning what they call * good work: 
work that shows care and skill on the part of the operator and 
accuracy in the lathe. Such care and skill with turned work 
is even more senseless today than the old time practice of shaping 
acorns on all screw heads and putting cast iron eagles on the tops 
of machine tools, because in case of the former the grinding 
machine removes all trace of the lathe’s accuracy and the opera 
tor’s skill in a moment of time, while the latter remained for 
years to oratity the taste of those who had an eve for such 
artistic embellishment. 

D The developn ents of the last few years have brought about 
the facts that, except in rare cases, efliciency in the production 


of evlindri al \\ ork means, (da) the use ot the lathe as a roughing 


tool only, and (4) the modern grinding machine for refinement. 

6 Most lathe operators and most foremen seem to understand 
roughing to be simply the turning of work a few thousandths 
over the finish SIZ, when lt) reality they are not roughing 
at all, but simply turning to a certain degree of refinement with 
the notion that by SO doing they are (a@) doing a cred table 
lob, and (>) that they are helping the grinding 1h) ichine. It 1S 
difficult to secure roughed work from lathe operators, i.e., work 
that is not in any sense refined. 

7 ‘Tradition impels nearly all to consume much more tu 


than would be necessary if the work were merely roughed, rough 


ing being confused with a certain degree of refinement. Rough 
ing is not refinement of any caegree, and refinement does not 
necessarily mean perfection. ‘There are many degrees of refine 


ment, but hever aC re? Oo} accurac \ or perfection. Act uracy 


and pel fection are final and fixed. they have no limits. 

8 Those who would produce cylindrical work efliciently must 
recognize the fact that dillerent cases require ditferent degree 
of refinement, and whether the work requires a very low degree 
of refinement Or a degree closely approaching accuracy, the 
lathe work, to be elflicient, should be the same, viz. as rough and 
as cheap as it is possible to make it. 

)) The lathe today should be a roughing tool only, and the 
grinding machine a refining tool only, not a perfecting tool. 
Some grinding machines may produce greater refinement than 
others. but none can produce literally exact and perfect cylinders. 
While it is true many mechanics look upon a high degree of 
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refinement as accuracy and speak of it as such, it is easy to prove 
that it is not accuracy, but simply a high degree of refinement. 
When all recognize these facts there will be greater efliciency 
in the production of cylindrical work. 

10 Because these facts about roughing and refining are not 
well understood and men do not combine the lathe and grinding 
machine in a well defined and efficient manner, the machine 
industry and railroads are losing large sums each year and I 
will try to show where some of the loss occurs. 

11 We are losing because we turn closer than a/out 1/32 in. 
above the finish size. I use the word about because we lose by 
turning carefully. ‘To require lathe work turned to thousandths 
today is like urhning money for the fun of it. We are losing 
I) allowing workimen to use any but the coarsest feeds possible 
in each case, even to the use of the screw cutting gears to obtain 
them. 

lv Feeds as coarse as four to the inch should be used in some 
cases and SIX, elght and ten should be quite common. When work 
is too frail to allow such feeds with one cut, then another, or even 
three cuts should be made at faster cutting speed; for, while it 
is true that very coarse and imperfect turning will require longer 
to grind than close, careful turning, the combination of coarse, 
cheap turning with grinding will produce cylindrical work more 
efficiently. The modern grinding machine will remove metal 
most efficiently when that metal is in the form of coarse screw 
threads. 

13 High ridges do not increase the cost of production. We lose 
money W hen workmen are allowed to caliper Cy lindrical work on 
the tops of the ridges, as nearly all do. This accounts for the 
misunderstanding about coarse turning and the allowance for 
grinding. Calipering on the tops of the ridges makes it necessary 
to turn with relatively fine feed to enable clean grinding. ‘To 
avoid this some workmen use a broad nose tool with the coarse 
feed which necessitates slower cutting speed because more metal 
is removed than with a pointed or grooved cutting tool. Ridges 
left by a more pointed tool do not increase the cost of producing 
that work, but decrease it. 

14 Itisso simple to feed by hand a slight distance at the end 
of the work, where the calipering can be done correctly, how- 


ever coarse may be the power feed later, and however high 








100 EFFICIENT PRODUCTION OF CYLINDRICAL WORK 


the ridges. Money is lost by allowing workmen to measure 
roughed work elsewhere than at the end; hours are wasted by 
operators calipering at several points and then because of spring 
or tool wear, resetting and turning that portion again to secure 
straight work. They forget that the modern grinding machine 
was designed to do all of the straightening and all of the sizing, 
regardless of what the errors of roughing may be. They for- 
get, or have never known, that the art of producing cylindrical 
work has progressed beyond that stage where it was necessary 
for the lathe to do its best before the grinding machine assumed 
the work of refinement. 

15 The modern grinding machine is literally a correcting 
machine. The roughing can literally be rough, and roughness 
does not mean an approximate refinement. It is easy to figure 
the saving in time of turning a piece of work 6 in. in diameter 
by 6 ft. long when the last cut before grinding is made with a 
feed of six per inch, instead of 32 per inch which is very com- 
mon. When it is considered that the grinding machine will 
grind this six per inch work to the finish size complete in less 
time than is required to file 32 per inch work, we see the great 
possibilities for saving cost with the lathe, if combined with a 
modern grinding machine. 

16 In some cases money is lost by roughing at all in the 
lathe. Please note that I say i some cases. Efficient production 
of cylindrical work is usually accomplished by roughing first in 
the lathe; but there are cases when the difference in favor of 
grinding without first roughing in the lathe is very great. 

17 The most important study for those who would secure 
efficient production of cylindrical work is the roughing of that 
work. It is here that the greatest possibilities for saving lie. 
If all would make a careful study of the roughing preparatory 
to grinding instead of trying to improve upon the methods 
of grinding advocated by grinding machine makers, there would 
result a more efficient production of cylindrical work and a 
clearer view of the real reasons why the grinding machine maker 
advocates certain methods, and why the modern heavy grinding 
machine was introduced. 

18 Ata works where large numbers of cylindrical pieces are 
manufactured 11% in. in diameter and about 10 to 11 in. long, 5 
minutes was required to turn each, removing about 1/16 in. from 
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the diameter using a high-speed steel tool and revolving as rapidly 
as the tool would stand. The plan was to turn close to the finish 
diameter and care was taken to secure straight, smooth and 
round work to save time when grinding, because they considered 
the grinding expensive, and that this expense must of course be 
added to the cost of turning. The grinding in this case was 1 
minute. The total time for producing these pieces was 6 minutes. 

19 A change was made in the shape of the tool point and 
the size limit for turning increased. The traverse feed wa: 
increased, the cutting speed remained unchanged and the work 
was turned in 1 minute each, while the grinding time was 
doubled, viz. 2 minutes; the saving was 3 minutes, or one-half 
of the original time. 

20 Some idea of what is lost by allowing lathe work to be 
turned straight, smooth and close to size before grinding may 
be obtained from the following illustration of actual work on 
some forgings about 4 ft. 6 in. long, turned portion to finish 
2 in. plus or minus 0.0005 in. in diameter, and 3 ft. long. The 
lathe operator turned these in the same manner that the majority 
of operators are now turning such work, viz. as such work was 
turned before grinding machines were introduced, except that 
0.010 in. was left on the diameter for grinding. The turning 
required two cuts, as there was more than 14 in. to remove and 
the work was somewhat frail as well as irregular. The first 
cut was considered by the workman a very coarse heavy cut; the 
second was like the last cut in the majority of shops, viz. it gave 
what the lathe men and most foremen call * a good job.” When 
ready for grinding the time consumed by turning was a total 
of 201, minutes. This appears to be too slow, but the forging 
was too slim to allow little, if any more, with one rough cut, and 
the lathe was an old-time weak power frail machine. The 
grinding time on this was 3 minutes, making a total of 28% 
minutes. 

21 When tradition was ignored and the work was made 
ready for grinding in the proper way, the following saving was 
accomplished: Two roughing cuts were taken, because (a) the 
lathe was not powerful, and (0) the work was frail. The feed 
was ten per inch, cutting deep grooves; the time complete ready 
for grinding was 9 minutes. The work was not straight, and 
‘a very poor job.” The grind 


. 


was what lathe men would style 
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ing time to the exact limits was 9 minutes, or three times longer 
than with the more careful turning; a total of 18 minutes, a 
saving of 1014 minutes on each forging. 

22 An attempt to rough this work with one cut instead of 
two resulted in a loss of 2 minutes. A modern lathe having 
more power with the direct belt would have carried the same 
feed and depth of cut at higher cutting speed with a still further 
reduction of time. This shows what may be accomplished with 
weak low power lathes. 

23 To install high power lathes and continue to turn just 
as smoothly and accurately as of old, simply allowing a few 
thousandths for grinding, would seem the height of wasteful- 
ness. Whether high power lathes or old low power lathes are used 
mechanical industries are losing an enormous sum each year 
because of the lack of understanding of the real problem affect- 
ing the efficient production of cylindrical work, which is the 
proper combination in each individual case of rough turning 
and grinding. 

24 Some idea of what we are losing by not wearing our 
“thinking caps,” is shown by the following: Some plain 
shafts, 15/16 in. in diameter, 62 in. long were to be made 
to ordinary limits of size and finish. ‘Tests were made 
to determine whether it was better first to turn these 
or to orind direct from the rough bars. The turning re 
quired 6 minutes ready for finish grinding, while to grind off 
the same amount as was turned oll required 9 minutes. A 
number of mechanics pronounced it cheaper to turn the shafts 
first. ‘“ Of course.” But in this case after turning in 6 min 
utes, each shaft required straightening before grinding. which 
consumed 10 minutes, totaling 16 minutes. When the roughing 
was done by grinding instead of turning no straightening was 
necessary, and the roughing cut was removed in 9 minutes. 

25 In this case, therefore, the turning was actually lost. 
There may be similar cases where the shafts will require some 
little straightening even if roughed by grinding, so that each 
case should be investigated instead of making a rule that all 
must or must not be turned first. Usually, however, no 
straightening 1s necessary when the roughing is done by grinding. 

26 Money is being lost because the majority of designers 
have not kept pace with the development along these lines. A 
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well-known runabout motor car has a crankshaft, which 
about 1 .in. longer over-all could be produced for 950 
cents less on each crank. When it is considered that about 30,000 
of these cranks have been mace. representing a possil le sa ing of 
315,000, we see the Importance of consideri the combinatior 


of lathe and erindin work. 


27 Fig. 1 shows a design of crankshaft that is expensive 
to machine, since it requires carefully finished lathe work. It 
will be seen that this shaft has a flange that must be finished 
complete with the lathe. Aside from the flange also the design 
necessitates lathe finishing of the majority of the work Grinding 

a small part « f the whole. 

Ys Fig. 2 shows a design that requires no lathe work what 
ever, there being clearance for the sides of the grinding wheel 
at all points Phe illustration shows the six operat olis necessal 


] 


lo complete the shaft after cCuLtLIng off the ends and centeri 


“9 These shafts are finished to the usual limits directly 
from the drop forging by erinding. The net labor cost for 
cutting ofl ends, centering, and mia hin ng complete with one Ke\ 

1 \ ind the thread ready for the automobile. is 55 cent 
The cost for grinding wheels is 21 » Cents each: cost for diamonds 
to true and shape the wheel, is 2 cents each. 

30 Another feature affecting the cost of production is the 
matter of ordinary shoulders. This is overlooked by many de 
signers and practically all draftsmen. It is easy to draw 
two sharp lines that cross each other and form a sharp 
corner and the fact that it costs less to provide room for 
the shoulder fillet on the other member than to make 
ht of. Thi 
no doubt is the result of the experience of the past when there 


r 


a sharp corner in the cylindrical member is lost si 


were ho powerful grinding machines to locate and form such 
shoulders cheaper than the lathe. Shoulders to be made with 
the grinding wheel require a slight fillet. 

31 When numbers of duplicate pieces are to be produced 
and a small fillet is allowed, not only can the evlin lrical por 
tion be roughed with the lathe and not at all refined, but the 
shoulders can also he roughed, because the erinding machine. 
when required, is provided with a locating bar. By the use of this 
bar, the exact location of all shoulders can be secured by grind 
ing and without measuring. At the same time the cylindrical 
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portion can be ground with the same grinding wheel. The 


roughing in the lathe can be done with the same tool that roughs 
the evlindrical portion because the lathe in this case is not re 
quired to give to the shoulder anny particular shape. When it 


is found best to Jocate and finish houlders with the lathe because 
































Fig. 2 Exampies or INEXPENSIVE DESIGN 


there is no locating bar for the grinding machine, it should not 


be necessary to neck in at the shoulders for erinding. This IS anh 


old and out of-date notion. for, with a shoulder cut sharp by 
the lathe tool, the grinding does not materially change the corner 


9 
a) 


Z A more eflicient method when no locating bar is at hand 


oe ete 
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is to rough the work in the lathe, leaving the shoulders about 


1/32 in. long and whatever angle the roughing turning tool may 


D i 


Next grind the cylindrical portion and at the same time 
The 
































form. 
cut out the angle at the shoulder with the grinding wheel. 
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Fic. 4 Work GROUND witTHoUuT TURNING 


work should then go to a lathe where a more skillful operator 
can locate the shoulders exactly; if a sharp corner is really neces 


sary i. can then be made. 
33 Fig. 3 shows work so slim that turning of the main por 


tion is out of the question if it is to be produced efliciently. The 
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main or center portion should be ground direct without turning. 

34 Fig. 4 shows 37 slim shafts ground direct from the black 
stock. To turn them first would be a waste of time. They were 
30 in. long, 11/16 in. in diameter in the rough, ground to 0.620 
in. plus or minus 0.0005 in.; handled twice and ground complete 
in 17 minutes each. These were tool steels. 

35 A lot of 60 countershafts, 35 point carbon steel, finish 
size 2 3/16 in. plus or minus 0.0005 in. by 66 in. long, turned 8 
pitch, leaving about 1/32 in. for grinding; ground complete 
at the rate of 85 minutes each; cubic inches ground off, 278; 
cubic inches of steel removed for every cubic inch of wheel 
wear, 20.7; total cost of wheel for 60 shafts, 38 cents; total cost 
of power, 35 cents; wheel used, 24 combination grade L alundum; 
radial depth of cut, when roughing, 0.001 in.; radial depth of 
cut, when finishing, 0.0005 in.; surface speed of work, roughing, 
42 ft. per min.; surface speed of work, finishing, 35 ft. per min.; 
table traverse, roughing, 11 ft. per min.; table traverse, finish 


ing, 10 ft. per min.; steady-rests “ multiple system.” 

36 To produce cylindrical work efficiently we must make a 
study of all that affects the problem in each individual case 
instead of following tradition which is costing us thousands of 
dollars each year. Lathe builders are offering some very ellicient 
roughing lathes, but are we roughing with them? I think not 
in most cases. The real roughing lathe needs a good system of 
multiple steadyrests to enable rapid and deep coarse cuts. Will 
someone come forward with such a system of steadyrests? 

37 Instead of our lathe departments and grinding depart 
ments being separate as is common now, there should be one 
department of cylindrical work under one head. This would 
check the tendency of the lathe department to treat their work 
as a finished product, and the tendency of the grinding depart 
ment to insist upon close careful turning in order to make a 
better showing of the grinding time, regardless of the real cost of 
production. 

38 ‘There is much yet to be learned about the preparation for 
grinding of cylindrical work: no two pieces of work require the 
same lathe treatment. There is a great need for thinking men 
as foremen and operators. Such men can effect great savings 
by working out in each case the best combination of turning 
and grinding of cylindrical work. 
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THE STRENGTH OF GEAR TEETH 
By Guipo H. Marx, STANFORD UNIVERSITY, CAL. 


Member of the Society 


The teeth of gear wheels when transmitting power are individu- 
ally subjected to an action akin to that applied to a beam fixed 
at one end, with a load somewhere between the fixed and the 
free ends. All standard formulae or diagrams for the propor 
tioning of such teeth therefore involve a factor representing the 
allowable unit fiber stress in a cantilever beam subjected to a 
bending moment. 

2 The experiments described in this paper were undertaken 
with the primary purpose of throwing some light, if possible, 
upon the question of this allowable unit fiber stress for cast-iron 
gear teeth under operating conditions, since definite data upon 
this point have been lacking, particularly with reference to the 
effect of pitch line velocity. To this vital lack, attention has 
been called repeatedly by writers upon the subject of gearing. 

3 Thus, in Wilfred Lewis's well-known Investigation of the 
Strength of Gear Teeth' occurs the following statement bearing 
upon this matter: 

What fiber stress is allowable under different circumstances and condi 
tions cannot be definitely settled at present, nor is it probable that any 
conclusion will be acceptable to engineers unless based upon carefully 
made experiments. In the article referred to* certain factors are given as 
applicable to certain speeds and, in the absence of any later or better light 
upon the subject, Table II has been constructed to embody in convenient 
form the values recommended. 

* Proceedings of the Engineers’ Club, Philadelphia, 1893, vol. 10; also 
American Machinist, May 4, 1893. 

?Power Transmitting Mechanism: On the Strength of the Teeth of 
Wheels, J. H. Cooper, Journal of the Franklin Institute, 1879. 

THe AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 


109 








110 THE STRENGTH OF GEAR TEETH 


rABLE II SAFE WORKING STRESS S FOR DIFFERENT SPEEDS 


Speed of 100 
Teeth, or 200 300 600 | 900 1200 | 1800 2400 
Ft. per Min less 
Cast Iron SOOO 6000 $800 $000 3000 2400 2000 1700 
Steel 20000 15000 12000 LOOOO 7500 6000 5000 4300 


It cannot be denied that slow speeds admit of higher working stresses 
than high speeds, but it may be questioned whether teeth running at 100 
feet a minute are twice as strong as at GOO feet a minute, or four times as 
strong as the same teeth at 1800 feet a minute. For teeth which are per 
fectly formed and spaced, it is difficult to see low there can be a greater 


] 


difference in strength than the well-known difference occasioned by a live 
load or a dead load, or two to one in extreme cases. But, for teeth as they 
actually exist, a greater difference than two to one may easily be imagined 
from the noise sometimes produced in running, and it should be said, that 
this table is submitted for criticism rather than for general adoption. 

4 It is very evident that Mr. Lewis only olfered the values 
of his Table II tentatively. A careful examination of Mr. 
Cooper’s paper fails to disclose any table from which Table I1 is 
immediately transferred, but on page 15 of that paper will be 
found a series of factors, credited to EK. R. Walker, New Castle 
under-Lyme, 1868, varying with the rim-speed of wheels, by 
which the “ breaking load of tooth” is to be divided. ‘These 
factors are given as follows: 

3 for very slow speed without shock 

f wheu rim of wheel runs 3 ft. per sec. 
» When rim of wheel runs 5 ft. per se 
G when rim of wheel runs 10 ft. per se 


s when rim o 


wheel runs 15 ft. per se 
10 when rim of wheel runs 20 ft. per se 
12 when rim of wheel runs 30 ft. per se 


14 when rim of wheel runs 40 ft. per see 


| 
It will be seen that these values correspond to Mr. Lewis’s 
table if 24,000 and 60,000 Ib. per sq. in. are used for the ultimate 
fiber stress in flexure of cast iron and steel respectively. This 
is an apparent oversight on Mr. Lewis’s part. While 24,000 Ib. 
per sq. in. is a legitimate assumption for the unit strength of 
cast iron in tension, a value of at least 36,000 may be taken 
ordinarily for the modulus of rupture for transverse stress or 
ultimate unit stress in outer fiber, due to bending. That Mr. 
Cooper meant this modulus of rupture by “ breaking stress ” 
is obvious from pages 8 to 11 of his paper. He also quotes J. 














GUIDO H. MARX 11] 


Christie as using a modulus of rupture of 36,000, with a factor 
of safety of never less than 4. and then under the most favorable 
conditions, as well-fitted gears, rigidly supported, running al 
moderate speed, and stress evenly distributed. For strains sud 
cle nly applied the factor of safety should be 6, and when accom 
panied by severe shocks and sudden reversions of strains it 
should be 8 With these assumptions, for cast-iron teeth, Mr. 


S6H6000 


i 


Christie would allow for safe working stresses from 


SHOO0 


9000 Ib. per sq. in., down to = 1500 Ib. per sq. in., as con 


trasted to a range in Table IT of from S000 Ib. down to 1700 Ib. 

5 In view of the fact that Mr. Christie gives several examples 
from practice to sustain his position, and of Mr. Lewis's own 
doubt as expressed in the foregoing quotation from his paper, 
of so wide a range being justified as that called for by his ‘Table 
Il, and of the further fact that this table was based Upon a 
modulus of rupture much too low, it seems strange that these 
tentative values have been so generally accepted ; and the need 
of adequate expel mental data becomes apparent. 


6 Mr. Cooper on page 9 of his paper says: 


It is ertainly necessary to ow the strain that bre s piece of pl 
ecting cas ron of given size und s pe, When the stress is 11d on quietly, 
~ ‘ Ve ‘ Vi sick bole ‘ \ 
It is als know 1 f1 iol part of the r ing weight 
ate y be repe av laid n witl perte site 1 l ure i¢ 
( dhes under ( maditions I rh | | I 
Nt — il ‘ 0 enc! st the ctr el s eve o eer s 
v at Ss slient 


7 A copy of Brown & Sharpe's Treatise on Gearing which 
the writer has had since 1892 gives the only data he recalls 


hav Ing seen of eul gears tested to rupture under running eondi 


tions. On page 115 1s the following: 


We give few examples of average breaking strain of our Combination 


(,eurs s determ ed 1 aly hamometer pressure taken at the put 1! 
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Diametra | R. J \1 Vr I 
! Pitch I 
10 1 1/16 LO 27 1060 
8 1 1/4 2 40 1460 
6 1 9/16 2 27 2220 
5 1 7/8 90 18 2470 
| 
If we take a safe pressure at of the foregoing breaking strain we 


shall have 
‘or 10 Pitch 3538 lb. at the pitch line 
S Pitch 486 b. at the pitch line 
G Pitch 740 lb. at the pitch line 
5 Pitch 823 lb. at the pitch line 


S In order to add to the available data concerning the strength 
of modern, cut, cast-iren gear teeth under operating condition 


the writer had the apparatus shown in Fig. 1, constructed. It 
consists of a base plate Carry Ing three adjustable bearings. Only 
one of these is clearly seen in the immediate foreground of the 
illustration, but at its right can be seen a corner of a second, 
while the third is hidden by the brake wheel. The action of the 
apparatus, reduced to the utmost simplicity of construction, cai 
be seen by reference to Fig. 2. 

9 The motor, a 25-h.p. 220-volt, direct-current machine, 1s 
connected by a Morse chain to shaft No. 1. Shafts No. 1 and 
No. 2 are connected 1y a pair of cut-steel change gears of 8 di 
ametral piteh which can be varied to five a W ide range of velocits 
ratios. Shafts No. 2 and No. 3 are connected by the cast-iron, 
cut gears to be tested. On the outer end of shaft No. 3 there 
is a flanged, water-cooled brake wheel carrying a prony brake. 
The arm of the brake rests, by means of a steel knife edge and 
plate, on a platform scale. Each bearing is provided with a 
sight feed lubricator. The measurement of the efficiency of 
transmission not being the object of the experiment, the friction 
of the bearings is neglected. The only effect of this is to make 
the ec mputed breaking load of the teeth a very little less than 
its real value in each case. By means of the slotted baseplate 
and the tongues on the bottom of the bearings. the latter can be 
slid into place, the vears accurately meshed without binding 
or backlash. and then securel held by means of two square 
head bolts to each bearing. The Morse chain is lubricated with 
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a graphite and grease mixture, and the gears, both steel and 
cast-iron, with ordinary thick grease lubricant which was also 
freely used on the brake. Before starting each run a wooden 
guard was placed over the gears to be tested. That this was 


not a useless precaution Was indicated by the fragmentary condi 




















lic. 1 GENERAL View or TESTING APPARATUS 


tion of the gears, particularly those having arms, at the con 
clusion of many of the runs. 

10 The tests were made in the mechanical laboratory of 
the Leland Stanford Junior University. For each run the motor 
was started with zero load applied by the prony brake. The 
scale weights were then set at the lowest load and the brake 
tightened until the scale beam floated. Simultaneously the rate 
of rotation was observed with a tachometer which was calibrated 
upon completion of the tests and the necessary slight correc 
tions made in the computed results. Calibration of the scales 
showed them to be entirely correct throughout the range used. 
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Increments of load on the scale began at 5 lb. each while the load 
was low, and were diminished to two Ib. and one Ib. as the 
probable breaking load Was approached. The unexpected|\ 
high breaking strength shown by the teeth', particularly at the 
higher velocities, made it impossible to break the ears al piteh 


speeds much exceeding 500 ft per min. with this apparatus 
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At the highe speeds the teeth were capable, without rupture, 
of transmitting all of thr powel the motor could develop 

1] Phe gears tested were all 10 diametral pitch, cast-iron, 
141.,-dee. involute. purchased of the Brown & Sharpe Mfg. Co. 


Without intimation of the special purpose for which they were 


intended, and were of the ordinary stock proportions. The 
width of face in all cases was 11/16 in. The 20- ay | 30-tooth 
gears were solid. the 1O-tooth webbed, and the others each had 
SIX “arms. The twenties and thirties had a bore of 1] 16 wy 

Preliminary caleulations had been based upon the Brown & Sharpe fig 


ures quoted in Var. ¢ 
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and a 44 in. keyway. The rest had a bore of 15/16 in. and a 
5/16 in. keyway. ‘The general proportions of the arm gears are 
shown in Fig. 3. 


12 As shown by the logs, the main tests were conducted in 
two series: the first being made in 1911 with single observations 
under each set of conditions: and the second, made in 1912, 
being planned to cover the ground more completely, with the 


furthe) ntention of ft aking’ three runs in each case under identi 
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Fic. 3 DIMENSIONS OF ARMS OF GEARS TESTED 


cally the same conditions in order to eliminate errors of observa- 
tion and of variable material. 

13 ig. t shows graphically the results of all the foregoing 
tests involving 20 tooth pinions. Abscissae are pitch line speeds 
in feet per minute, and ordinates are forces at the pitch point 
equivalent to the breaking loads In pounds. This equivalent 
breaking load is, of course, equal to the net brake load at rupture 
by brake arm divided by the pitch line radius of gear on brake 
shaft. Curve A is drawn representing the results of all tests 
with 20- and 30-tooth gears in mesh. As there were several 
observations taken for each pitch speed, the numerical average 
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126 THE STRENGTH OF GEAR TEETH 


ot the equivalent breaking loads was taken for each set, and the 
curve drawn through these average points as near as might be. 

14 In Fig. + the curve was extended by inference to the 
zero Velocity line. It will be noted that this breaking load curve 
falls off with increase of speed up to a pitch velocity of some 


thing less than 300 ft. per min. and then apparently starts to 
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lic. 4 ReEsvutts or Tests wirn 20-Toorn PINIONS 


rise again as though the maximum percussive effect had been 
passed. This fact, and the further one that within the limits 
of the actual tests the range of average breaking load was only 
from 1579 lb. at 19.4 ft. per min. down to 1169 lb. at 312.7 ft 
pitch velocity, about 25 per cent, are two of the most striking 
points appearing in this investigation. 

15 These phenomena might be questioned on the score that 
all of the 20-tooth gears but one broke entirely apart as well as 
having teeth stripped. But Fig. 5 shows the same general 


form for all tests involving 30- and 40-tooth gears in mesh: 
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and in this case there can be no question of anything but the 
strength of the teeth themselves, as it was only at the teeth that 
any of these gears broke. 

16 It is an unfortunate fact that the limit of the motor’s 
power was such as to make it impossible to rupture gears at 
higher speeds, thus enabling us to follow the curve and observe 
whether the apparent rise 1n breaking strength continued with 
increase In pitch speed. No attempt has been made to make this 
a smooth curve: the points corresponding to the averages obtained 
by experiment have merely been joined. 


17 It is clear, however, even from these somewhat limited 
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iG. d tes rs OF ‘TESTS WITH 3U AND 40-Toorn GEARS 


experiments, that the impact or percussive effect with increase 
of speed Is hot nearly so great, with these modern, accurately 
cut gears, as has commonly been supposed. In both causes the 
curves show that the minimum breaking strength (at a pitch 
speed of about 300 ft. per minute) is more than seven-eighths 
that at a pitch speed of about 100 ft. per min. and more than 
seven-tenths that at zero pitch speed. And it is not theoretically 
impossible that the breaking load actually rises with increase 
of speed, after a certain critical speed has been passed, until 
it would approximate the static breaking load if it were not for 


the increasing tendency of the teeth to tear loose due to centri 
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fugal force. At an infinite speed the repetitive stress would 
become a continuous one. As Curve A, Fig. 4 shows the actual 
breaking strength of 20 teeth, 10 pitch, cast-iron gears at differ 
ent speeds, it is interesting to compare with this the allowable 
loads for such gears computed for the same speeds by the Lewis 
formula (see Appendix No. 1). Curve &, expressing these, is 
shown at the bottom of Fig. 4. The discrepancy between the 
two curves is obvious. They do not even have the same general 
form. 

1S From Par. 4 it is seen that Mr. Lewis's formulae and tables 
were intended to provide a factor of safety of 3 for pitch speeds 
of 100 ft. per min. or less, of 5 for 300 ft., and 6 for 600 ft., 
the differences being intended to cover presumed increases in 
impact effect. Using Mr. Lewis's accepted formula for 15-deg. 
involute teeth as being ipplicable to the Brown & Sharpe 


standard 1415-deg. involute teeth, namely, 


0.684 
I sp f 0.124 
7b 
W working strength of tooth 
s = working stress of material per sq. in. 


p pitch of teeth in inches 

] face of teeth in inches 

7 number of teeth, 
Table 5 has been prepared to show the relation between the com 
puted working strength and the actual breaking loads for the 


20 and 30 tooth eo 


ears Within the range of these experiments 
as shown by the plotted curves on their legitimate inferential 
extension. 

19 When the actual breaking loads under running conditions 
have been determined, as they have in the above cases, the 
results provide the allowances for pitch speed Variations and 
it is difficult to see any reason for not using a uniform factor 
of safety for conditions which are uniform in other regards than 
pitch-speeds, to provide for the p ssibilities of faulty material, 
poor alignment, sudden applications or reversals of stress, and 
possible overloads. Just how great this factor need be is a 
question to be settled by the designer in each individual case. 
But in any case it would be a true factor of safety and not a 
factor of ignorance. 

20 Mr. Lewis’s Table II may be looked upon as a table of 
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factors representing a combination of the modulus of rupture, 
a factor of safety, and a coeflicient depending upon velocity. 
It would seem better to separate these. The value of the modulus 
of rupture is discussed in Par. 24. For values to be taken for the 
factor of safety the writer agrees with Mr. Christie as quoted in 
Par. 4. 

21 The values of the coefficient to provide for the effect of 
pitch-velocity v can be determined from the results of the tests 
shown in Fig. 4, Curve A and Fig. 5. These results are expressed 
in Table 6, together with a series of values of v« based upon 
them and so selected as to lean toward the side of extra safety. 

22 “To check the material of the gears used in these tests and 
to determine whether it was normal or of exceptional strength, 


24 test specimens were cut from 12 of the 30-tooth gears, selected 


at random. as shown in Fig. 6. hese specimens were 
about 4% in. thick, 11/16 in. wide and 214 in. long. 


seventeen similar specimens were cul from castings made 
in the university’s foundry and known to be of ordinary 
composition and quality. The specimens were all tested in flexure 
with the lead aplied at the middle of a span of 1%4 in. The 
data and results of these tests are given in full in Table 7. The 
modulus of rupture of the gear material test pieces was 38,737 
lb., while that of the check specimens was 39,049 lb. It is legiti 
mate to conclude that the material of the gears used in these tests, 
while of first-rate quality, was not unusual or exceptional. The 
results of the tests may therefore be accepted as representing 
typical material. In general a value of 36,000 may be reasonably 
used for the modulus of rupture for cast iron gear teeth. 

25 ‘The Lewis formula is based upon the theory of flexure 
under the assumptions that the entire load is borne by a single 
tooth, the point of application of the load being the extreme 
end of the tooth, and the direction of the acting force being 
normal to the tooth profile at that point. The line of action 
of the force is considered carried to the cente) line of the 
tooth (Fig. 7) with W equal to the transverse component 
as applied at this point. Subsequently it treats W as 
the load at the pitch circumference. The effects ot the com 
pressive and shear components are ignored. Fracture is 
assumed to take place on a plane section, the position 


of which IS determined by inscribing a parabola of unifol 
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strength with the vertex lying at the intersection of the center 
line of the tooth and the line of action of the force. The danger 
ous section is the plane section containing the points of tangency 
of the parabola with the tooth outline. That these assumptions 
ure too severe or unfavorable for accurately cut gears is evi- 
dent from the result of these tests, as will be shown later. 

24 To check the applicability of the Lewis formula to the 

















form ot gear tooth employed in these experiments, the teeth 
of the 20, 30, 40. SO, 100 and 150 tooth 141,,-deg. involute gears 
were carefully measured by gear-tooth micrometer calipers. They 
then, together with a theoretical rack tooth of the same system, 
were accuratel) drawn to a seale of 100 times full size. In 
these teeth, parabolas were inscribed by the Lewis method and 
the dangerous section located. The data and results are given in 
Appendix No. 2. The factors for strength do not seriously vary 
from those given by the Lewis expression’ for 15-deg involute 
0.654 
teeth, i.e., 0.124 on If the assumptions of Par. 23 are 


‘American Machinist, June 22, 1893. 
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TABLE 7 


Mark 


Thickness 


PESTS O} 


THE STRENGTH OF GEAR TEETH 


SPECIMENS CUT FROM GEARS 


Breaking | Correspond- Average 
Width Load at | ing Modulus | Modulus 


Mid-point|) of Rupture |jofRupture 





245 
248 
251 


251 
250 
251 
251 
251 
250 


251 











1.066 | 980 38305 

1.065 | 975 38145 38225 

1.065 | 1000 39123 

1.063 1000 39196 39160 

1.066 | 1167.5 16343 

1.065 | 1197.5 7225 16784 

1.063 | 917.5 35969 

1.063 967 .5 37922 36946 

1.060 | 1106 $4533 

1.058 | 1156.5 45910 45222 

1.060 950 39194 

1.061 970 59020 39107 

1.067 | 

1.067 | 850 33192 33192 

1.060 | 1000 39307 

1.061 | 995 39387 39347 

1.06 RO5 35081 

1.063 904 35434 359258 

1.0635 842 5 3008 

1.0635 S70 34358 33683 

1.060 867 .5 34099 

1.060 874 34355 $227 

1.056 1087.5 42909 

1.054 1125 44472 $3691 
Grand Aver 38737 


MATERIALS, DATA AND RESUI 


rs, JUNI 


CrEcK SpEcIMENS, ORDINARY Cast IRON 


1.0615 1000 1252 
1.063 

1.058 990 39300 
1.062 962.5 37463 
1.062 975 37862 
1.059 1000 39354 
1.062 120 35809 
1.059 990 39899 
1.062 1195 44720 
1.058 R80 33842 
1.057 1018 40129 
1.061 842 34145 
1.064 

1.0625 1014 10083 
1.0625 1136 44905 
1.058 945 56930 
1.062 |; 1080 42037 

Grand Aver. 39049 


Distance between supports 1.75 in. in 


all 


cases. 


ad, 900It 





Aart ee 
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correct, the Lewis formula should give the actual static breaking 

loads when the actual modulus of rupture is inserted for s. 

25 ‘To test this, consider first the case of a 20-tooth 10-pitch, 

11/16 in. face, cast-iron pinion, the material having a modulus 
of rupture of 39,000. Substitution in the Lewis formula 

; 0.684) 
W= spf (0.124 
n 


gives 


0.684 
i) 39,000 & 0.31416 & 1.0625 (0.124 
20 


therefore 


W = 1170 lb. 








/ 


Fic. 7 LINE oF ForcE AS ASSUMED IN LEWIS FORMULA 
lic. S  LInNkr OF FORCE AS DETERMINED BY ACTUAL FRACTURES 


sut from Curve A, Fig. 4 it is seen that the static strength (1.e. 

equivalent breaking load at zero pitch velocity) is approximately 
1650 lb. for a 20-tooth pinion in mesh with a 30-tooth gear. The 
value computed by the Lewis formula, when using the real 
modulus of rupture, is only two-thirds of the actual value shown 
by the tests. Similarly, the Lewis formula gives a value of 
1317 lb. for the static breaking strength of the 30-tooth gear, 
while Fig. 5 shows this to be, for a 30-tooth meshing with a 
40-tooth, 2260 lb. Again the Lewis value is much too low, being 
but 60 per cent of the actual test result. 


26 These discrepancies demonstrate that the assumptions 
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upon which the Lewis formula are based are too severe and they 
indicate the necessity of taking into consideration the length 
of the are of action; for if the length of the are of 
action exceeds the pitch are, it is evident that the pre 
viously engaging teeth will not have gone oul of action at 
the time when the load first comes on the newly engaging teeth. 
and it is only at the instant of engagement or disengagement 
that the load can be applied at the end of a tooth. This is not 
only theoretically so but it can be counted on with reasonable 
certainty for modern, accurately cut gears. It must be borne 
in mind that this is the least stiff position of the tooth and that 
it would therefore tend to yield slightly under the load thus 
allowing another pair of teeth to come into engagement or re 
main in engagement. This elastic yielding would be apt to make 
up for the slight errors in tooth spacing. The mathematical 
discussion of the are of action and its numerical determination 
for the gear combinations used in these experiments will be 
found in Appendix No. 3. 

27 In order to test the actual static strength of the teeth in 
various positions, and with one, two or if possible, three pairs 
engaging simultaneously, experiments were carried out with re 
sults as shown in Table 8. The loads were applied in each 
case by a steel 30-tooth pini n with all teeth save three single 
ones, (WoO pals of two. and one set of three having heen milled 
olf in such a Way as to leave gaps between the remaining teeth. 
Because of this there could be positive assurance that only as 
many pairs of teeth engaged in any test as was intended. The 
gears were set up with the teeth engaging in the position desired, 
the cast-iron gear to be tested being the one on the brake shaft 
and a surface gage being used to test the accuracy of conditions. 
All play was taken up and the brake was tightened down with 
emery cloth between it and the wheel so as to prevelit all slip 
The breaking power was supplied by means of a special hand 
operated lever instead of by motor. 

28 Position A corresponds to the loading assumptions of the 
Lewis formula and it is interesting to compare these results 
with those obtained by using the Lewis formula with a modulus 
of rupture of 39,000 lb. Table 9 presents this comparison in 
concise form. 
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rABLE 8 EQUIVALENT STATIC BREAKING LOADS W AT PITCH LINE—SERIES 4 
SEPTEMBER 11-13, 191: 


PosiTION OF STRESSED TEETH AND EqQutval I 
7 Single Tooth I 1ded 2 | t I saed leet! 
° . | 
Ps | 
bes | 
7 ' 7 
s cot | 7 } - 
~ 7 
x rt i t 
= } } 
° i 
I N “ I No a ] \ Mb l a ] \ a 
+ 12 12 10 i l 52 2 ; ] i) 
20-T L184 13 1476 2 L606 s l 10 l 
t 1152 L604 ] 1632 
A r 1154 \ r 1458 \ r lt i \ ; \ r L568 
is 1442 2 1S; 14 i 2b l 
0-T 1429 2 170 15-1¢ \ ‘ 24 at 
1728 li SUuY 
\ 5 \ l l Aver 120 \ s \ ; 
l \ a41 20 } t y 
~ 161 ) « “ 
40-7 
1600 ) 38 s 
A r « \ 2Y ) 4 r 
TABLE9 EQUIVALEN I EA 
Size of Gear 0 ‘I O'| 40] 
W by Test, Position A 11S4 1451 1GOS 
W computed by Lewis Formu L170 17 «1392 


29 ‘The test values of W, as given in ‘lable 9, correspond to a 
formula for this position of engagement and static conditions 
1.26 
W = spf (0.154 ) 
n 
The derivation of this formula from the experimental results 
will be found in Appendix No. 4. ‘This equation would make 
the static strength of single teeth Val'y from that of a theoreti 
eally correct rack tooth down to a 20-tooth pinion in the ratio 
of 0.154 to 0.091: in other words, the rack tooth would have 
1.69 times the strength of the 20-tooth pol The Lewi 
formula would give a ratio of 0.124 to 0.090 for the same gear 
The discrepancy can be explained yy the fact that the theory 
of flexure is recognized as only approximately correct, particu 
larly for oblique forces, material which has not the same strength 
in tension as in compression, and for stresses bevond the elasti 


limit. Furthermore the Lewis factors neglect entirely the effect 
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of the angularity of the force in producing a compressive stress. 
In the case of the 2O-tooth Fear this angularity is such as to make 
the compressive coliponent of the acting force more than 50 per 
cent of the. transverse component. ‘The theory of flexure upon 
which the Lewis formula is based would have the fracture occur 
on a plane section (as shown in Fig. 7) and would have the 
breaking loads vary, approximately as the square of the thick 
ness of the tooth at this section. As a matter of fact the fracture 
of the teeth in every Case took place lower down on the root 
than at the points of tangency of parabolas inscribed on the 
Lewis assumption. ‘The fractures took place rather at the points 
of tangency of parabolas constructed for loads applied at the 
pitch points as shown in Fig. 8, and the breaking loads varied 
more nearly in proportion to the squares of the thickness at 
this section. The surface of the break invariably Was in the form 
of a curve running down into the root as shown and in no case did 
a tooth break square across 

30 Mention is made in Par. 26 of the necessity of taking the 
are of action into consideration in dealing with the load-carrying 
strength of vear teeth. It would seem that the breaking load 
of a gear would depend not solely upon itself but also upon 
the rear with which it meshed. The larger the meshing vear, 
the greater the are of action: and the greater the are of action, 
the more likely the load is to be borne on two or more pairs 
of teeth simultaneously and the less likely that the entire load 
will fall on a single tooth in its position of least strength. It 
is desirable to see, then. what effect. if any, the length of are 
of action has on the breaking load. ‘To see what the effect was 


under statie (zero pitch velocity) conditions a series of tests 


(Series 5) was conducted. Pests were made of 30-tooth fears 
in mesh with 30, 40, 60 and SO tooth gears. It was found in 


making these tests that the pr sition of the teeth in engagement 
niade a vast difference in results. It was therefore necessary 
to find by trial the pe sition of engagement corresponding to the 
least earry ing power of the tooth. The results are viven in Table 
10. There is nothing to account for the foregoing variation in 
strength except the differences in are of action. It was the inten 
tion to carry similar tests out on 30-tooth meshing with 80-tooth 
and 100-tooth, but it was found in trying the 30 and 80 pair, 
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PABLE 10 STATIC STRENGTLIL. SERIES 5, SEPTEMBER 26 


Breaking Loads W 0 ! 
30) 10'1 HU] 
Series I W Series rest W S I vv 
4 2 18 l 180) i 
} 24 LS56 6 2368 | l <4 
17 24 ) 7 2USt 
) 18s 2304 s 2112 | | 
Average 2115 Average yy - Ay v 24 
Arc of Action, In... .0.61158 Arc of Action, In.. .0.62814 Are of Act I 64919 


that the rim of the 80 tooth broke, cracking the arms and hub, 
before a breaking load of the teeth could be reached. Fig. 9, 
Curve A, shows the results of these tests, the ordinates being 
equivalent breaking loads at piteh point, and the abscissae being 
ares of contact. There being no unbroken 20-tooth gears to use 
in Series 5, the value for static strength of 30-tooth meshing 
with 20-teeth (are of action, 0.53938 in.) is taken from Fig. 4 
Curve A. 

3] Krom Table 9 it is seen that the static strength of a 
single tooth of a 30-tooth gear in its weakest position 1451 Ib. 
This would measure the strength of teeth with an are of action 

are of action 
of 0.514 in. or less, i.e. when the : + Ll. From Fig. 9. 
pitch are 
Curve A, for a 30-tooth meshing with a 20-tooth the are of 
action equals 0.53938 in. and the corresponding i 1660 > Ib. 
From these facts and Table 10 it is possible to construct Table 
11 to show the relationship, under static conditions, existing 
between length of are of action and equivalent breaking load. 


rABLE 11 RELATION BETWEEN ARC OF ACTION AND EQUIVALENT STATIC LOAD 


' Arc of Action | 0.31416 0.53938 0.61158 0.62814 0.64919 

tatio - — - — —-— 72 95 2 07 
Pitch Are | 0.31416 0.31416 0.31416 0.31416 0.31416 

Breaking Load. : 1451 1660 2118 2260 2453 


Breaking Load 
1451 





Ratio 1 | 1.14 1.46 1.56 1.69 
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The range in breaking strength due to varying arcs of action, 
from 1 to 1.69 shown by this table, is as great as that due to 
jorm between 20 teeth and 150 teeth (see Par. 28); and it is 
greater than that due to variations in velocity from zero pitch 
speed to over 500 ft. per min. (see Par. 21). If form of tooth 
and velocity are of sufficient importance to be taken into account 
in a formula for gear tooth strength it is demonstrated that 
there should also be introduced a factor for are of action. 








om 
oO 


eakina Load at Pitch-Point, Pounds 


~< 








=< 71 sa 6 
poset F 
Sf j400 « 
yA 
ff 
- | 
} ot 41200 
. on «eee ae | 
_—— — await EE oF 4 100C 
U5 A 4 0550 0630 iad 
“hes 
Fic. 9 RELATION BETWEEN EQUIVALENT BREAKING LOAD AND ARC O 
CONT ACT 


, 


32 Further light is thrown upon the extent of the influence 
of the length of are of action if from Series 1 and 2 the test 
involving 50 tooth gears made at nearly a uniform pitch velocity 
are selected. ‘The following table gives the results of such tests 
made at about 290 ft. pitch velocity. Such a selection makes 
the are of action the only variable factor. The values 
of Table 12 are shown graphically in Fig. 9, Curve B. 
There are no running experiments involving an are of action of 
0.31416. But from Figs. 4 and 5 it is clear that the breaking 
strength at 300 ft. per min. is about 70 per cent of the static 
strength. It is therefore not improper to assume that the break 
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rABLI 12 RELATION BETWEEN ARC OF CONTACT AND BREAKING LOAD 


i ~ ( ] at g Loa 
) S a0 
2 ( 38 ; 
~ ) 
38 
\ ig 1169 
2 ( s f 
5 A 
{ 9 f ~ 145 
Aver 4Y 
2 2 ) 10 0 62814 16 
? 62514 LO0d< 
29 ; 3 10 0.62814 1648 
4 é 
x i i 
S i 
) 
( 
Ss } ‘ 

‘ ) f 

‘ ’ ~ 
) Q | 
t i 


ing strength for an are of contract of 0.51416, at a pitch velocity 
of 300 ft. per min. we uld be 70 per cent of 145] Ib.. or 1016 Ib. 
On this assumption and the data of Table 11, Table 13 has 
been computed. 
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It is interesting to note how closely this agrees with Table 9. 

33 The results in Tables 11 and 13 may now be combined 
and a table of coeflicients a constructed by which the effect of 
the are of action may be introduced into the formula for the 
strength. 


TABLE 13 RELATION BETWEEN ARC OF ACTION AND BREAKING LOAD UNDER 
RUNNING CONDITIONS 


Ra 
Ar 
Action 0.31416 0.53935 0.61158 0.62814 0.64919 0.66209 
- ] 1.72 1.95 2 2.07 2.11 
Piteh Are 0.31416 “lO 31416 0.31416 0.31416 0.31416 0.3141¢ 
I iking 
Load 1016 1169 | 1493 1637 1636 1632 
| 
Ra | 
Bre aking | | 
Load | 
l 1.15 | 1.47 1.61 1.61 1.61 
1016 | | 
| 
TABLE 14 COEFFICIENTS BASED ON ARC OF ACTION 
| 
\ of Act i 
R l 1.4 co l 1.8 1.9 1.9 2.0 
I h Ar 
Corres] ling a l 1.0 baa 1.15 1.24 1.38 1.47 1.60 


34 The entire formula as derived from these experiments 
for the safe equivalent load at pitch line may now be written 


SD 1.26 
W= by 0.154— ) va. 


k n 
in which 
i safe working load at pitch line in pounds 
. modulus of rupture 39.000 in these tests but or 


dinarily to be taken 56.000, 


p = circular pitch in inches 


f width of face in inches 
} factor of safety 
nN number of teeth in gear 


rh velocity coeflicient from Table 6. 

a are of action coefficient from Table 14. 
35 The general effect of ares of action and of pitch speed 
on the breaking strength of gear teeth as found in these experi- 
ments can best be seen by combining Fig. 4, Curve A, Fig. 5 and 
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Fig. 9, Curves A and B into a single isometric chart. This is 
done in Fig. 10. The ordinates, as heretofore, represent equiva- 


Ul UO Ip fO 24 











Fic. 10 RELATIONS BETWEEN ARC OF ACTION, PITCH SPEFD AND BREAKING 
LOAD SHOWN ISOMETRICALLY 


lent breaking loads at pitch point in pounds. One set of abscissae 
represents pitch speeds in feet per minute; the other set repre 


sents lengths of are of action in inches. 
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36 To complete the record of this experimentation mention 
should be made of the tests which were designated as Series 3. 
In planning these it was thought that the remaining unbroken 
gears could have their width of face turned down to one half 
its previous value, and then, the teeth being the retically just 
half as strong as those of the full-width gears, tests might | 
ducted at higher pitch speeds and the 

capacity of the motor. The observed reaking load could ther 
be doubled as the breaking load ot the full- \ idth Years ind point 
so obtained be used to extend the curve of direct observat 
The results of a very 


e CON 


gears ruptured within thi 
| . 


10] 
few tests proved that this could not b 
done. The data and results are briefly tabulated in Tabl 


( ( 
Wid - 

rest f | 
No I < 

iS Li /d2 ‘ 1 

19 i a 6 i! 

0 l 0 

l | ( 0 ) 

2 l 1¢ 4 


It is evident from ‘Tests 48-49 and 50-51 that the half widt!l 
teeth have not one-half the streneth of the full-w 


Only speculations can he olk red as 


lt Leel 
to this apparent discrepancy 
It may be that the wider teeth forced better alignment conditions 


without unduly stressing the teeth. Or it may be that the ad 


tional mass plays some part in shock absorption. But. since 
| 


observations could not be used to supplement those on full-width 
gears no further runs were made. 


no” 


37 It would appear that the factors of safety in common use, 
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in so far as breaking strength of the teeth is concerned, while 
they might properly serve for rough cast gears, are much too 
large for modern, accurately cut gears; and that Mr. Lewis and 
Mr. Christie were quite right in assuming that the factor of 
sufety at any speed need not be more than double that which 
will suffice for the slowest speed. 

38 <A few words may be added about the general design of the 
gears. ‘The almost invariable breaking of the 20-tooth gears, 
11/16 in. bore, 14 in. keyway, tends to indicate that this is just 
about the maximum limit of bore which can be used with these 
gears While getting the maximum out of the tooth strength. 
\ny larger bore, it seems, would simply allow these gears 
to split at the keyway without stripping any teeth. Of 
the 30- and 40-tooth vears, and of the proportions of the 60 
tooth there can be no criticism. In all cases the failure came 
at the teeth. although it is indicated that the 60-tooth gears could 
have borne heavier loads if they had been solid. As a whole 
the tests invol\ ing gears with more than 60 teeth were indecisive 
so far as throwing any hight on the strength of the teeth was 
concerned. These gears were not solid nor webbed but had arms, 
and their less rigid design allowed them to vield and fracture 
at rim, arms and hub before the breaking strength of the teeth 
could be reached. To bring the rest of the gear up to the strength 
of the teeth would seem to require a larger diameter of hub, 
thicker rims and heavier arms. In loading the gears up to the 
breaking streneth of the teeth considerable difficulty was en 
countered with shearing and battering of keys. This was practi 
cally overcome by the use of hardened tool-steel kevs. A photo- 
graphic log follows which shows the manner in which the gears 
failed. 
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APPENDIX NO. 1 


POINTS FOR FIG. 4, CURVE B 


GS4 
TI py {0.124 ) 


S000 for 0 to 100 ft. per n 


SOOO x 0.81416 x 1.0625 x 0.90 240 l 
MOO for 500 Tf. per 1 

1800 « 0.51416 x L.O625 «x 0.90 144 

HO OO ft. per 

LOO) OOSlL4Alt Log (6) 1) 


1538 





APPENDIX NO. 2 


ou To see how closely the f 


factor of strength y obtained by t 
formula 


O.GS4 

V U.124 ’ 
n 

corresponded to the forms of teeth used in this system, the following 

tigations were made 


10 The teeth were measured as accurately as possible, laid out 100 times 
full size, parabolas inscribed as shown in Figs. 7 and 8, and the dist 








Fic. 29 SHowiInGc ASSUMED POINT OF APPLICATION OF Forc! 
ANCE OF TooTH 


from vertices to pitch point, 


ind from tangent lines to pitch poi ‘ 
ured. The results are given in Table 16 

11 Referring to Fig. 29, the load is assumed to be applied e end 
the tooth and normal to the profile rhe 


transverse componel 
ue equivalent force 


t NW nd 


}) line i} The thickness of tooth at point 
of tangency of the inscribed paral f The distance from the pit« 
ine to vortex of parabola ’o and from the 


vortex to the tange 
modulus of rupture 
j width of face in it 


nches 


modulus of section 
( 


r pitch radius of gear 
Then, from the theory of flex 


e) sft 
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\\ here 





l 
11 
Bb Lew 
NW ply 
Hence 
sf 
syfy ~k 
6 
k 
19] 
6p 
2 I d the factors corresponding to the gear teeth of these tests 
computations were made using the actual dimensions as given in Table 16 
The results are formulated in Table 17, together with the values of y give 
in Table 1 of Lewis’s original paper, and as computed from his formu 
O.GS4 
0.124 
di 
for 15 deg, involute, given in the American Machinist, June 22, 1893 
. , ‘ y 
13) No single expression of the form a can satisfy all of these y 
n 
] 0.652 1.120 
es of eit ‘ 0 11 e from 0.124 to 0.124 b 
p NW nl 
O.GS4 
the expression 0.124 rives values for the factor of safety which do I 
n 
not vary by as much as 5 per cent in any case from the values determined 
from the woth dimensions 








APPENDIX NO. 3 
DETERMINATION OF ARC OF ACTION 


44 ‘The tooth comes into contact, neglecting for the present those cases 
of gears with .such a small number of teeth that there would be interfer 
ence, When the addendum circle of the driven gear cuts the line of action. 
This position of the tooth is shown at c’, Fig. 30. 

$ Contact between this tooth and its mate will continue until the ad 
dendum circle of the driver cuts the line of action, again neglecting those 
cases involving interference. This position is shown at c. The length of 
the are of action d‘d is important as it governs the number of pairs of 
teeth simultaneously in contact 

44 The position of the tooth for pitch-point contact is shown at @ The 
corresponding point of tangency of the line of action and the base circle is 
b. It is obvious that 0” bears this same relationship to d; and b’” to d@’. 
Hence, when the driven gear tooth travels from position c’d’ to cd, which 
is its complete period of action, the base circle will have rotated through 
the are b’"b” 

From the nature of the involute curve, 

ab | dh’) ch + are bb’ 
Also 
ab ac ch 
Hence 
le are bh 13] 


Similarly it can be shown that 


ie ime hh 14 
Adding 13] and [14] 
ae (14 irc irc b 
Hence ©¢ are b” b’”’ length of line of actual action. 


17 The cases involving interference may also be considered by reference 
to Fig. 30. If either gear has so few teeth that ab’ becomes less than ae 
the value of b” b’” will, of course, equal b’e (and not c’e) If both gears 
are low-numbered so that ah’ is less than ae’, and ab less than ac, the value 
of bb’ will equal b’b. 

iS It is evident from Fig. 30 that the radius of base circle the radius 


of pitch circle x cos 14% deg. for the 1414 deg. involute system.. Hence 


Radius of pitch circle radius of base circle x sec 14% deg 
And 
Are of pitch circle corresponding to b” b’” of base circle Pe 
sec 1414 deg. length of are of action. 
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51 In cases involving interference it must be borne in mind that ab 


rABLI s-a COMBINATIONS OF 10-PITCH GEARS 


| 
th | 10, i! 3 Inches 
| 
2 0. 25038 ) 27182 
( 160 
0 OOT76 ) 31208 
60 0 { ZAt 
s 1.00152 34495 
Ww 1. 25191 { 35345 
] 1 877 7 
The 2 5 ge exy . . 
| . COM NATIONS O] -PITCH GEARS 
I Ar ( a 
) | 
I 
é ‘ ene S 
10) 0 522 138 
) ( ( 138 
HOS 0 62814 
‘ 62S 649 
R 64 6 ) 
r 1 
68514 
+ t ' 16,4 
{ 64454 ot 
S 0 ¢ G78 
6 ( { 699 
6984 ~ 
, 9 | ) juals t ~ 
I " -T 
i «VJ i 
—Y 
52 Fro the values of ab, ab’, ae and ac’ so computed the length of the 
ictual ine of action in anv given case becomes known. This gives the 


length of the corresponding arc b” b’” and multiplying this by sec 144% deg 
the actual length of the are of action is obtained 


53 Tables 18-a and 18-b give the results of such computations for the 
combinations of 10-pitch gears used in these tests, 











APPENDIX NO. 4 
DERIVATION OF FORMULA 


1.26 
W = sp —_ ) 
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] eWwiis 
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orm of expression 


S the vrenel Oris Like ilues of al ( | 
Is Vii that 

s = 39000 in all cases 
() 1416 in SeN 
1.0625 in all cases 

} Is4 when ) 
! when 7 A) 
1COS when it 
1S018 


When ~U 


V 
11S4 13V01S f a ; 
~0 
UY 
() (] ] - 
(> — 5] 


1S? “)ou i 
Sitnilsay ) 
} 13018 r ‘ 
- J 
() Py ‘ 
) 
( 1) 7] ‘; 
And Whel 10) 
0S 1301s Ld 
‘) 
1° ‘ 
ft) 
Subtracting hb) from Lah] 
1) 4) 
zu a / LS? 


0.154 


160 








Substituting in [16a] 


0.001 
Vv 
20 
7] 
Therefore 
V 
r 
n 
0.14 
0.154 
0.154 
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O.1DA od 
20 
0.063 
1.26 
1.26 
0.154 — 
n 
Check 
1.26 
- 0.091 when n 
1.26 
0.112 whenn 
30 
2°26 
0.1225 when n 
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30 
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FOREIGN REVIEW 


With this number the Foreign Review enters into its second 
vear. The considerable number of inquiries received in connec 
tion with this new branch of the activities of the Society and the 
fact that several large firms having research departments have 
made special arrangements for handling the material published 
in the Foreign Review. shows that it is rendering a needed 


Ssery ice, 
THIS MONTILS ARTICLES 


Among this month’s articles will be found two interesting com 
munications on air machinery: tests of a turbo-con pressor and of 
tunnel com pressed air locomotives: the latter of particular 
interest owing to the SCALCITN of experimental data on the effies 
rreat inconvenience of 


ency of this kind of apparatus due to the 
testing under working conditions.  Ventou-Duclaux’s article 
on the use of naphthalene for internal combustion engines cde 
seribes several t\ pes ot French carbureters for ise In this class of 
machinery, and olves data of tests. The naphthalene engine 1s of 
certain interest as being one of the cheapest In Operation, and 
nearly the safest: its main disadvantage lies in the fact of its 
heing very far from fool proof. Heinz’s article on peat utiliza 
tion Indicates that peat gas power is already the cheapest source 
of power in existence. Several new types of internal combustion 
engines are deseribed, particular attention being here called to the 
Urbani two-stroke cycle engine. 

In the Machine Shop section is given a deseription of a new 
erucible furnace, economical in fuel consumption and life of 
crucibles, as well as interesting data on the cost of heat treatment 
of metals by gas: an article by Buderus on the testing of mold 
ing sands is also of interest. 

The article on the Kommer gear in the November issue of The 
Journal brought forth several inquiries for more information, in 
reply to which an abstract of the second part of the Komme 
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article is here given describing another type of the Kommer gear. 
Attention is also called to the article by Wolzogen Kiihr on the 
design of centrifugal fans without using Euler’s formulae. 

In the section of Steam Engineering will be found several 
articles on the design of high capacity boilers, including the 
Glogner type, as well as La Maestra’s article on the corrosion in 
boilers giving formulae for calculating the safe life of a boiler 
after some corrosion has started, as well as a table of what the 
author calls “time coeflicients for corrosion in boilers.” New 
processes for determining the heat conductivity in plate shaped 
bodies are given, of higher reliability than the methods previ 
ously used, 

The section Miscellanea covers such articles as are of interest to 
the American mechanical engineer, but cannot through lack of 
space, be given a regular section in the Foreign Review. Among 
this month’s abstracts will be found several articles in connec 
tion with farm machinery, automatic fire protective apparatus, as 
well as a number of smaller abstracts. 

The Editor will be pleased to receive inquiries for further in 
formation in connection with articles reported in the review. 
Articles are classified as ¢ comparative; d descriptive; e exper! 
mental: g general: A historical: m mathematical: Pp practical; S 
statistical: ¢ theoretical. Articles ‘of exceptional merit are rated 
A by the reviewer. Opinions expressed are those of the re 


viewer, not of the Society. 


Aeronautics 

AUTOMATIC RESTORATION OF EQUILIBRIUM OF FLYING MACHINES (Zu 
selbsttdtigen Bekampfung von Gleichgewichtsstorungen bei Flugzeugen 
ZD.K.N. Prometheus, vol. 24, no, 1204, p. 116, November 23, 1912, 2 pp. t) 
The author, evidently connected in some way with the German military 
aviation corps, recommends a system of automatic stabilization based on 


the following principles: (@) separation of the airship into two rigidly 


connected parts, one comprising the carrying and guiding planes planes 
body,” and the other the usual heavy parts, “ weight-body”; () spring 
joint connection between the two, such that when an external action 


produces change in the mutual position of the two component parts, this 
change itself is used to set into action the apparatus used for restoring 
the original state; (c) arrangements for cutting out the automatie stabiliz 
ing arrangement when required, e.g. in landing; (d) independence of the 
individual steering devices from those providing automatic stabilization 
The author attempts to prove that the separation of the airship into two 


parts, “ weight body” and “ planes-body ” would contribute to an easier 








=. 
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installation of automatic stabilizing devices. The arrangement proposed 
has never been tried. 

\ SpeeD FoRMULA APPLICABLE TO AEROPLANES (Sur une formule de vitesse 
applicable auw acroplanes, A. Berget. Comptes rendus des séances de VAca 
démie des Sciences, vol. 155, no. 20, p. 9638, November 11, 1912. 2 pp. eA). 
rhe author derived the following experimental formula for the determina 
tion of the speed of an aeroplane: 


l 


\s 


where | is the speed of the aeroplane in myriameters (1 myriamete! 


} A 


6.2137 miles) per hour, S the supporting surface in sq. m., # power of the 


motor in h.p. (continental h.p. equals 736/746 of America 


h.p.), while A 
is a numerical coefficient whose value lies between 7 and S. The value of 
A has been established experimentally, as well as the formula itself, from 
an investigation of a number of aeroplanes of various systems, and takes 
are of the elements of aeroplane design not otherwise considered in this 
formula. The best results are obtained when the value of A is 8S or very 
ose to S, but it must not be accepted from this that if an aeroplane has 
1 equal to 7 or but slightly in excess of 7, it is unsatisfactory: that may 
simply mean that it has not been designed for speed, or that speed has 
been considered of secondary importance as compared with safety and 
strength of construction. <A table of data for various French aeroplane 
types is given in the article showing that in all cases A lies practically 
between 7 and 8, 
Air Machinery 

TESTS OF A TURBO-COMPRESSOR AT THE WESTERHOLT MINE. (Untersuchung 
eines Turborcompressors auf der Zeche Westerholt. Gluckauf, vol. 48 
no. 47, p. 1918, November 23, 1912. 3 pp., 2 figs. de). Description and 
data of tests of an air compressor plant at the Westerholt mine, Ruhr 
district, Prussia, from a communication of the Essen office of the Associa 
tion for the Inspection of Steam Boilers. The turbine driving the com 
pressor is so arranged as to be able to work both with live and exhaust 
steam, while the compressor can take in either 10000 cbm (say 385000 cu 


ft.) of air per hour and compress it to 6 atmospheres, itself running at 


14400 r.p.m., or it can run at 4200 r.p.m., and compress to 5.5 atmospheres 
nO0OO chm of outside air. The consumption of steam was guaranteed to 
he: for exhaust steam only, when handling 10000 cbm, 1.4 kg/cbm (say 
0.04 lb. per cu. ft.), for 5000 cbm, 1.78 kg/cbm (say 0.051 Ib. per eu. ft.) : 
for live steam only 0.69 kg/cbm and 0.SS (say 0.02 and 0.025 Ib. per cu. ft.) 
for the full and half load respectively. The actual test values are slightly 


more favorable tha these, The article contains ful data of the test 


TESTS OF TUNNEL COMPRESSED AIR Locomotives (Untersuchungen an Tun- 
nel-Druckluftlokomotiven, V. Litz. Glickauf, vol. 48, no. 45, p. 1825, No 
vember 9, 1912. 7 pp.. 4 figs. eA). For the construction of the Mont d’Or 
tunnel the A. Borsig works, of Berlin-Tegel, Germany, have delivered two 
types of compressed air locomotives, three-axle of 11 tons in working 


] 


order, and four-axle of 31 tons weight, both with double preheating of 
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air done in the following tanner Phe air after coming from the pres 
sure reducing valve Letween the compressed air tanks on the locomotive 
and the high-pressure cylinder passes through a special set of heater 
pipes, and again through a second set of similar pipes in passing from 
the high-pressure to the low-pressure cylinder. The furnace for heating 
the pipes is on the locomotive frame, a small stack being provided in 
the front part of the locomotive to take care of the gases of combustion 
Coal and charcoal are used for fuel in order to obtain a practically smoke 
less combustion. The preheating is such as to raise the temperature of the 
air in both cylinders to about 1SO deg. cent. (356 deg. fahr.) With a 
grade of 0.18 per cent, the larger locomotives can haul up to 1S0 tons, and 
the smaller up to 55 tons gross (in all cases a metric ton of 2200 |b. is 
meant). Fig. 1 shows the general arrangement of the locomotive. 

The data are interesting particularly on account of the scarcity of tests of 


tunnel locomotives under operative conditions, tunnel construction being 











Fic. 1 Borsig Compressep Air Locomortv1 


usually done under conditions and guarantees as to the time of delivery 
Which permit no interruptions for the purposes of tests. During tests 
the locomotive was in front of the train when it moved tunnelwards, and 
behind when it moved out of the tunnel: in normal operation the opposite 
arrangement is of course used, since with a grade of 0.13 per cent and the 
heavy trains used, a break of a coupling would cause great danger unless 
the locomotive was always below grade from the train. To take care 
of that during the tests, there was always a second locomotive at some 
distance on the other side of the train. Both locomotives have been tested 
just as they were, without previous overhauling or even cleaning. Previous 
to the tests they were over a year in actual service on the construction 
The air capacity of the tanks could be established only by calculation, and 


was found to be for the small locomotive 2250 1, (78.75 cu. ft.). and for the 
large locomotive 10200 1. (357 cu. ft.) The comparatively low temperature 
of preheating indicates that the smoke stack was chocked up, the tempera 
tures obtained at the delivery tests having been considerably higher. The 
author states, however, that temperatures of 45 to 54 deg. cent. (118 to 129.2 
deg. fahr.) in front of the low-pressure cylinder are about as high as one 
can go economically with this kind of locomotive where strong preheating 
permits the expansion of the air to be driven very high in the cylinder. The 
data of the tests are given in Tables 1 and 2. 


See also Pumps and Fans. 
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Cranes 

NEW CRANE CONSTRUCTIONS FOR SPECIAL Purposes (Neue Kranbauarten 
fur Sonderzwecke, C. Michenfelder. Zeits. des Vereines deutse 
JIngeniure, vol. 56, no. 41, p. 1645, October 12, 1912. 5 pp., 15 figs. d) 


Description of some new types of cranes, mainly those for special purposes 
thus there is a description of a pickling crane for lowering metal articles 
into a pickling bath and taking them out of it, where the difficulty lies 
in preventing the crane installation from being affected by the Lpors 


of the pickling bath; it was found in this respect that with pr 


proper! che 
signed and enclosed motors, and sufficient ventilating and exhaust arrang: 
ment in the pickling room, there is little trouble due to the action of 
TABLE 2 GENERAL DATA OF LOCOMOTIVES 
N imber ol cars 
Kind of cars 
Light weight “4 ! 
4840 lb. ol iS4 
Gross weight 8 4 tons ( 5.4 
18480 | r Q 
Duration of run, min. 10.5 2 
Length of run, m/yards 1000/1093 870/204 
Speed m. per sec./ft. per see 99/4.77 2/4. 
Initial pressure in the air tanks, spher 84 68 
Final pressure in the air tanks, atmospher 29 
Number of readings taken 
Grand average pressure in the working flask, atmospher 
Temperature of the entering air at beginr 
high-pressure cylinder i 
low-pressure cylinder, cent. /fahr 80/176 
Temperature of entering air at end of 
high-pressure cylinder f 47.2 
low-pressure cylinder, cent hr 15 S 6.4 
The above red I 
downgrade run as well 
gases. The article describes also some of the a rements of the p ing 
room. ‘The other kind of crane described in consid ble detaij s for 
ice-making plants. 
Internal Combustion Engines 
TESTS OF AN INTERNAL COMBUSTION ENGINE (Ve) e an einem Ve 
brennungsmotor, Fritz L. Richter. Dinglers polytechnisches Journal, vo 
5627, nos. 44 and 45, pp. 695 and 710, November 2 and 7, 1912. 7 pp., 18 


figs. et). Description of and data from tests of an 
engine made at the machine laboratory of the Royal Technical School at 
Chemnitz. The tests have shown that, when 
used, the friction losses are 


internal-combustio 


an ordinary indicator is 
so large as to make the data entirely un 


reliable; both during compression nd expansion the pencil is behind the 
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position where it ought to be, and the diagram is too large on both sides 
There are also considerable difficulties in correctly determining the tem 
peratures, especially that of the exhaust gases. The article contains many 
determinations of the tractive power of the engine, showing among other 
things how it and the efficiency of the engine are influenced by the cylinder 
lubrication, 


ARIS CARBURETER (Le carburateur Aris. La Pratique automobile, vol. 5, 
no. 178, p. 8795, November 25, 1912. 2 pp., 5 figs. d). Description with 
several illustrations of the Aris carbureter. It has no float chamber. The 
fuel is admitted first to a horizontal passage provided with a needle valve, 
and then to a vertical passage at right angles to the first. This passage 
is also closed by a needle connected with a rotatable valve closing the pas 
sage from the air chamber of the carbureter to the cylinder in such a man 
ner that it opens the passage to the fuel in proportion as the suction in the 
cylinder forces the valve up. The amount of fuel admitted may therefore 
be kept in constant ratio to that of air no matter what the speed of the 
motor may be, at least within certain limits, and the mixture remains 


practically always of the same richness 
NAPHTHALENE ENGINES (Les moteurs a naphtaline, L. Ventou-Duclaux. 
pp., 2 


La Technique moderne, vol. 5, no. 9, p. 305, November 1, 1912, 2 


figs. d) 

('TILIZATION OF NAPHTHALENE AS A FUEL IN EXPLOSION Motors (Utiliza 
tion de la naphtaline comme combustible dans les moteurs a explosion. 
La Revue électrique, vol. 18, no. 213, p. 376, November 8, 1912. 2 pp. pt) 
From a paper read on October 18, 1912, before the French Society of Civil 
Engineers by L. Ventou-Duclaux on the use of naphthalene in internal-com 
bustion engines and the design of engines for this fuel. Naphthalene is one 
of the products of tar distillation separating in the region of 170 to 230 deg. 
cent. (338 to 446 deg. fahr.) although the usual boiling point is stated to be 
217 deg. cent. (422.6 deg. fahr.). It is a solid having a melting point of 79 
deg. cent. (174.2 deg. fahr.). To produce an explosive mixture in the 
cylinder of the engine, one must therefore not only liquefy it, but impart t 


it a fluidity comparable to that of other hydrocarbons. This is done either 
by utilizing the heat of cooling water, or by that of the exhaust gases; 
the piping carrying melted naphthalene to the carbureter being so arranged 
that its temperature should not go below SO deg. cent. (176 deg. fahr.), in 
order to prevent possible crystallization of the naphthalene 

There are two methods of using naphthalene: dissolved in another hydro 
carbon (benzole, gasolene, alcohol, etc.). or molten On the first process 
is based the Rutgers carbureter, having an arrangement for producing the 
solution gradually, as it is wanted, s 


as not to cause any unnecessary 
deposits of naphthalene; so far, this process has not proved practical. The 
other process is represented by several designs of carbureters, some using 
the heat of the cooling water for melting the naphthalene (Deutz and the 
Schneider Company), while others (Chénier and Lion) use the heat of the 
exhaust gases. The latter two make the carbureter proper and the melting 
pot in one piece, and thus prevent the cooling of the molten mass in pass 
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ing from the pot to the carbureter. In the Burlat carbureter the melting 
pot is separate from the carbureter proper, but the connecting pipe is 
surrounded by exhaust gases, so that the naphthalene reaches the carburetet 
at a comparatively high temperature. In the Bruneau carbureter both the 
melting pot and the carbureter proper are surrounded by the same jacket 
traversed by hot exhaust gases; the air for the explosive mixture is also 
preheated. In the Lion carbureter a sort of fractional distillation is used 
naphthalene which does not have to be particularly pure in this case is 
first heated to the melting point in one reservoir, then passed on to a second 
reservoir where it is heated up to the boiling point, and admitted to 
the carbureter proper in the form of a gas; all impurities, such as tar, 
anthracen, tar oil, ete., having a higher range of distillation, simply re 
inain in one of the reservoirs, and are cleaned away from time to time 

A 5-hr. test of an S-h. p. engine, running at 595 r.p.m., showed a consump 
tion of 0.342 kg. (0.75 Ib.) per l.p.-lhr.. an interesting figure considering the 
low present price of naphthalene. 

Besides its low price, the advantages of naphthalene are: safety of 
operation due to the fact that naphthalene is practically uninflammable 
and that should there appear a leak, some naphthalene would flow out, im 
mediately solidify in the colder outside air, and stop all further leaks, thus 
preventing the danger so familiar to all users of gasolene; its chemica 
constituency is practically Constant, thus considerably facilitating the 
engine design, and raising the average efficiency of its operation (it is a 
well-known fact that an engine designed for a certain kind of fuel and 
working with one which may have the same trade name. but different 
technical properties, may give quite unsatisfactory results) The dis 
advantage of the naphthalene motor lies in the complications at starting, 
but even this has little importance in the case of engines having a long 
average period of operation. The Schneider Company is proposing to use 
it for locomotive engines on the Transsiberian Railrond where steam loco 
motives have proved unsatisfactory owing to the large amount of mineral 


salts (up to 5 per cent) in the available feedwater 


MIXED EXPLOSION OR COMBUSTION AND COMPRESSED AIR ENGINES ( Moteurs 


mirtes a explosion ou a combustion et a air comprimeé, i. Letombe. Ve 
moires de la Société des Ingénicurs Cirils de France, 7th ser vol Oh. no 
509. 24 pp., 14 figs. d. Same article reprinted nearly in full in La Revue 


électrique, vol. 18, no, 214, }. 41S, November 22, 1912). The title is some 
what misleading; what the author mainly discusses is the use of compressed 


air for self-starting. He describes his supplementary valve for the self 


starter valve gear, as well as an air compressor with an automatic arrange 


ment for throwing it in and out of engagement 


UTILIZATION OF PEAT BoGs ror THE PRODUCTION oF POWER AND Its IN 
FLUENCE ON THE DEVELOPMENT OF AGRICULTURE (Die Ausnutzung der Torf 
moore zur Krafterzeugung und ihr BRinfluss auf die Kulturentivickluna. 
C, Heinz. Die Gasmotorentechnik, vol. 12. no. S. p. 121. November. 1912 


S pp.. 5 figs. dg). The article describes the Gérlitz peat gas producer (« 


The Journal, July 1912, p. 1101) and special producer gas engine designed 
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to use peat producer gas, as well as discusses the general problem of 
peat utilization in its relation to power production and agriculture, The 
author quotes the following data as to the cost of peat per ton in Germany 
(of 2200 Ib.) in marks (1 mark S0.238) > wages 0.26, power 0.24, drying 
0.70, maintenance of plant 0.20, supervision 0.20, delivery cost 0,40, de 
preciation 0.50, total per ton of air dried peat: marks 2.50, and since 1 
kg is required for the production of one effective horsepower-hour, the fuel 
cost of the latter is 44 pf.. or roughly 1/16 cent. Since, further, deprecia- 
tion, interest, and other costs of a peat gas plant do not differ material) 
from those of other heat engine power plant costs, the peat gas power plant 
appears to be the cheapest in existence. Tests made by the Silesian Steam 
Engine Inspection Association show that as much power is derived from 1 
kg peat in a peat gas producer engine as from 1 kg coal in a steam engine, 
while peat is available in many localities where coal is scarce and is much 
cheaper. The author also calls attention to the fact that the utilization 
of peat bogs for power production has the further advantage eventually 


of converting a useless, often harmful, bog into valuable agricultural land. 


MorTorRS AT THE EXHIBITION (Les moteurs a UR axrposition, P. James. L' Ae 


rophile, vol, 20. no 


22, p. 512, November 15, 1912. 5 pp., 2S figs. d) De 
scription of aeronautic engines at the Paris Salon of 1912. In the Dhenain 
engine (Fig. 2A) the valve gear is controlled by an eccentric in combina 
tion with a pinion of peculiar construction. By turning the eccentric this 
pinion is displaced, and so the admission, exhaust and direction of rota 
tion of the engine may be regulated while the engine is running. The 
cranks are interchangeable, work all in the same plane. with the crank 
heads helicoidally arranged. The Sira cagine (Fig. 2B) has eight cylinders 
arranged starwise, but neither cranks nor connecting rods. The piston 
gear is operated by two special cams, with a single rod. The Esselbé engine 
is original in design The cylinders are replaced by a tore in which 
move diametrically opposite pistons A A’, B B’, each pair fixed on a plate 
Cp (Fig. 2C and ID). These pistons open and close in a manner simi 
lar to that of shears. The space between the tore and the four pistons 
constitutes four chambers of which volumetric variations correspond to 
the four phases of a four-stroke cycle, the tore itself also rotating and 
therel y bringing the ports p and q of admission and exhaust to the places 
where they belong at the right times. To transform the reciprocating 
motion of the plates ( and D into rotary, they are made solid with two 
pipes S and 7 concentrically around the axis of the engine and carrying 
at their other extremity two beams in articulated connection with the 
cranks /; these cranks actuate the central pinion of the tore. The article 
gives no data as to the efficiency of this engine. For the Esselbé engine 


Cp., also The Automobile, December 19, 1912, p. 1264 


A New Two-SrroKe CycLe ENGINE (Un nuoro motore a due tempi. 
Marino Urbani. L’Industria, vol. 26, no. 44, p. G95, November 8, 1912. 1 p.. 
3 figs. 7d). Description of the Urhani two-stroke cycle engine It consists 
essentially of the two cylinders 1 and 1° (Fig. 3) joined in-U: one of them 
is provided with the exhaust port 2, the other with the openings for 
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scavenging air 3 and gas 4. The air and gas pumps, which may also be 
independent of one another, are in the carters 5 and 5’. In the two cylinders 
move two pistons in full accord with each other having equal cranks making 
the same angles with the crankshaft. The action of the engine is simple. 
Suppose that the pistons are at the right-hand side dead points, and 
that to the right of them is a suitably compressed explosive mixture. 
When this is ignited an expansion follows, and the pistons move to the 
left. The exhaust ports 2 open first, and the pressure in the cylinder 
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rapidly falls to about 0.8 to 0.4 kg/qem (4.2 to 5.6 Ib. per sq. in.) above 
atmospheric. At this point of the path of the piston the port 8 opens, 
admitting scavenging air previously compressed in 5’ to a pressure slightly 
above 0.3 to 0.4 kg/qcem (so as not to produce eddies in the cylinders). 
Still later, when the pressure in the cylinder has had time to fall below 
0.3 to 0.4 Kkg/qcem, the gas comes through duct 7 and port 4 from pump 5 
compressed to somewhat more than the pressure prevailing at that moment 
in the cylinder, so as to produce eddies and thus help the gas to make 
a thorough mixture with the scavenging air. On the back stroke of the 
piston, the ports close in the reverse order, first the gas, then the air, 
and finally the exhaust. The process is somewhat similar to that of the 
Oechelhiiuser motor, but the engine may be made double acting, 


ete. 


tandem, 
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The air regulator consists of a little piston 8 moving in the cylinder % 
having no head but provided in the middle with a circular passage 10 com 
municating with 5’, This little piston has an eccentric lagging 90 deg. 
with respect to the main crank. While the crank makes the angle 0 to 
180 deg. corresponding to the period of intake of air, the piston oscillating 
between the positions @ and Bb, lets open the annular passage 10 by which 
air penetrates to 5’. During the compression of the air, while the main 
crank passes through the angle 180 to 360 deg., the eccentric describes an 


angle 90 to 270 deg., and the little piston oscillates between a and 
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regulating the communication between 5’ and the atmosphere. This ar- 
rangement is interesting in that the opening and closing of the annular 
passage 10 occur always when the piston 8 is at its maximum velocity. 
A somewhat similar arrangement is provided with respect to gas. 


THe ErRGoN-KosMos PrRopUcER GAS LOCOMOBILE AND ITS MANAGEMEN’ 


(Die Ergon-Kosmos-Generatorgaslokomobile und deren Behandlung, W. 
Der praktische Maschinen-kKonstrukteur, vol. 45, no. 23, p. 392, November 
7, 1912. 2 pp., 1 fig. d). Description of the Ergon-Kosmos locomobile, 
Stationary plant combining in one unit the 


au 
gas producer, cleaner and 
locomobile. 


Machine Shop 


TESTING AND ESTIMATION OF MOLDING SAND (Priifung und Beirertung 


des Formsandcs, Carl Buderus. Giesserei-Zeitung, vol. 9, no. 20. p. G29 


October 15, and p. GSS, November 1, 1912. 6 pp., 1 fig. pt). After discussing 
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the various stresses to which sand is subjected in the mold after the 
pouring of the metal, the author comes to the conclusion that its power of 
resisting them depends on what he terms its plasticity, and the whole 
problem of testing molding sand thus becomes one of finding a method for 
measuring plasticity. 

If a sand cylinder of length of axis h and diameter )) has the ability 


h 


not to break when unsupported, and if — = l , then this may be taken 
D 4 

as a unit of plasticity which increases with JD and falls’ off 

with sh. In testing plasticity, it is well to keep D_ constant, 

and to take # equal to 0.242); the plasticity is then determined from the 
pgr 

pressure above atmospheric (p in grams per sq. cm) at which the 
qem 

sand column breaks, this being done in the following manner: if a sand 

cylinder of # =0.25D can maintain its shape unsupported at atmospheri: 

pressure, but not at any above it, and if its plasticity be denoted by bi, 

its specific weight (in the column, i. e. compressed) by 8, then 


r?xhs 6s 


bi = 1 =bi, = — = 
rixh? } 
6 
P rah? ' j ; 
since rm is the moment of resistance of the cylindrical column. If 
) 


now a sand column has to support not only its own weight, but also an 


a por, oa 
additional pressure its plasticity must be equal to 
gem 
(r?x. h's+r*xp) 6 (h’'s+ P) 
big = = 


r?x . h’?/6 h’? 
which, to be expressed in the same units, must be divided by the value 
of b4, and this gives 
_ 6(h’st+p) 68s (A’s+p)h h?st+ph p 
— - = = =) — 
h’? “h h’*s h?s hs 
the last two values being for the case of h’=kh. Since, however, the 
specific weights of various sands are very different from one another, 
either of the above expressions may give incorrect values. Thus, the plas- 
ticity of light sand, if expressed by one of the two latter equations would 
give too high values. The author recommends therefore the expression 
bi bi, bi, x bt, 
If this expression is used the hardness and toughness of the sand may be 
estimated from the power applied in stamping the sand, and its compression 
determined by separate experiments. The fire resistance of the sand, its 
permeability to gases, formation of the gases in the sand itself and its 
tendency to be fritted have also to be determined by separate experiments. 
In the second part of the article the author describes an apparatus for test- 
ing molding sand in which a layer of such sand, compressed to a certain 
amount may be subjected either to the action of gravity alone, or to an 
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additional gas pressure as well. The apparatus appears to be simple in 
operation, cheap and easily handled. 

A NEW CRUCIBLE FURNACE (Hin neuer Tiegelofen, W. H. Risen-Zeitunyg, 
vol. 33, no, 46, p. S09, November 16, 1912. 1 p., 1 fig. @). Description of 
a new crucible furnace invented by F. Lange in Memmingen, Germany. 
The furnace (Fig. 4) is contained in a sheet iron jacket protected by a fire 
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clay lining. This lining encloses a cylindrical chamber 11 containing a 


closely wound spiral pipe 12. In the center of the lined shaft is the 
eylindrica 


shaft for the reception of the crucible 9 and the coke charge 22 
surrounding it. There are four small nozzles 6 opening in the direction 
of the crucible. Before passing out through stack 4, exhaust gases pass 
through the ducts 5 into the cylindrical chamber 11 where they preheat 
the pipes 12. From the top the crucible shaft is closed by the cover 3 
rotatable ahout the hinge 19, the opening and closing of the shaft cover 
being further facilitated by the rope and counterweight arrangement, as 
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shown at 13. ‘The whole installation is placed on a bed plate 23 with a 
round hole in the middle for the admission of air to the crucible shaft; 
under the plate are located the grates 16 and the angle irons 15 support 
ing them. A small diameter pipe 25 goes from 12 through the water reser 
voir 7; the heat of this pipe brings the water up to the boiling point, and 
the steam, after having mixed with air saturated with kerosene vapors and 
coming from the pipe 6’, passes into the crucible shaft and produces 
there an intense heat (the air becomes saturated with kerosene vapors 
while passing through the vessel 21). In spite of the intense heat pro 
duced, the consumption of coke is said to be small, while the life of the 
crucible which in this furnace does not come in contact with cold air at 
all, is materially longer than in other furnaces. 


ANNEALING AND HARDENING BY GAS (Glihen und Harten mit Gas. Journal 
fir Gasbeleuchtung, vol. 55, no, 438, p. 1052, October 26, 1912. 2 pp., 4 figs 
ceA). Communication from the Stockholm municipal gas plant showing 
that gas is more economical and convenient than coal for such shop 
operations as annealing, hardening, tempering, etc. The tests were made 
in 1911 by engineer H. O. Odlund at the works of the Separator Company 
under regular shop conditions by men usually employed at the plant. Each 
test lasted a whole day, so as to keep the conditions as uniform as possible. 
The gas used was supplied by the municipal gas works, and had the lower 
heat value of 4700 WE (17800 b.t.u. per Ib.), and a pressure of 40 mm 
(1.57 in.) water; for purposes of calculation the price of 11.2 Pf. per 
chm ($0.77 per 1000 cu. ft.) has been accepted, this being the present 
actual rate there. The gas coke had a lower heating value of T7000 WE 
(27720 b.t.u. per Ib.), and cost M 1.40 per 1 hl=0.1 chm=3.5 cu. ft.). 
The coal was Silkworths blacksmith coal with lower heating value 7000 
WE (27720 b.t.u. per lb.), and cost M 1.91 per hl. 

Table 3 gives the comparative results with all three fuels. The article 


also contains descriptions of some of the furnaces used. 


Mechanics 

REDUCTION GEAR FOR COAXIAL SHAFTS (Reduziergetrieb fiir yleichachsig« 
Wellen, R. Kommer. Der Motorwagen, vol. 15, no. 26, p. 618, September 
20,1912. 3 pp., 5 figs. d). The first part of this article has been abstracted 
in The Journal, November 1912, p. 1890. The second part containing a 
description of another type of the Kommer planetary gear, is here given as 
a reply to inquiries received. The gear shown in Fig. 5 consists essentially 
of the stationary external spurwheel @ with which is in engagement an 
internal spurwheel } rotating about a crank pin or eccentric k placed centr 
cally to the stationary spurwheel. The diameter of the wheel b exceeds that 
of the stationary wheel by twice the crank radius of the shaft k. With 
the inner spurwheel 0) is rigidly connected a second inner spurwheel « 
with which is in engagement the spurwheel d rigidly connected with the 
driven shaft. The spurwheel ¢d is half as long as the crank radius of the 
shaft k. In the following description the radii of the wheels will be denoted 
by r, the numbers of teeth by 2, with corresponding subscripts. 


By analysing the mutual action of each pair of spurwheels, the author 
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shows that in the action of the entire gear there correspond to the rota 
tion of the crank & through an angle gq: (a) a parallel sliding motion of 
the spur wheel c; (0) rotation of the toothed wheel d through the angle 


To the parallel sliding motion of the spurwheel c corresponds a rotation 
of the wheel d through an angle 


2d 
To the rotation of the wheel ¢ corresponds a rotation of the wheel d 


through an angle 


TABLE 3 COST OF HARDENING WITH DIFFERENT FUELS 


\ ial Dura I il] Dura Cost of Fuel Cost Pot ( st 
f Work tion of Work per Piece Labor pe per | 
I Sec P Ss I Piece, Pi I 
7 .f 8 .( ) O45 2 0.173 
( 1¢ ( yUS 0.254 0.352 
‘ ) 18.1 0.127 0.28 0.409 
0 6.3 0.019 0.09 ) 118 
Ss ] mi ) 054 0.149 0. vt 
if 10 ) O52 157 0. 209 
( 9 7 a7 4 JSS 0 430 0.718 
( 10 ¢ 0.7 0 { 0.787 1.144 
( 15.1 67.4 0.49 1.052 1 54 
k {| ! wi gas, and n4 Url ! 


$0.128 per hour 


ho the rotation of the crank k through the angle corresponds therefore 


rotation of the spurwheel d through the angle 


Lrample: \« ese 100 SO. and 2 Go. Then 


GO-80 100—-S0 SO Lice i ™ ] 
a ai - T ' a 
60 | 100 60 ( 3 § :) 15 


Or the shaft rigidly connected with the wheel d moves with a speed equal 


to 1/15th that of the driving shaft in opposite direction. 


If in the above formula the following values be substituted: z,—2 
t, < * S, then the transmission ratio would be as follows: 
16 
r a 
2 s 
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which shows that with the same pitch of teeth in all spurwheels and the 


same differences of diameters, but various ratios of numbers of teeth, any 
desired ratio of transmission may be obtained. If the first pair of wheels 


is larger than the second, the transmitted motion is in a direction opposite 


to that of the driving shaft, and vice versa. The rotation of the wheel 
d rigidly connected with the driven shaft is due to the fact that the parallel 
sliding motion of the wheel ¢ communicates to it a motion in a direction 


opposite to that of the driving shaft. These two opposite motions trans 


mitted to the wheel d at the same time, produce a relative rotation of 
the wheel d in which only a part of the angular speed of the driving shaft 
is transmitted to that wheel, the magnitude of the angular speed trans 
mitted being a function of the eccentricity and wheel ratio. The nearer 
the two opposite motions are to each other, the greater is the ratio 
of transmission of the gear, so that even a ratio 1:@ may be obtained by 
making the two directions of motion equal to each other. 


b 


[ 





= Cc 
bom 
ee 
Comal 
rie. 5 Kommoet PLANETARY GEAR, SECOND TyPrt 


ScREW Pies (Pieur a vis et vis Wencrage, Nouvelles annales de la 


struction, Gth ser., vol. 9, p. 164, November 1912, 1 


Cuil 
p.. 19 figs. d). Deserip 
tion and drawings of various types of screw piles, as well as a short biblio 
graphy of same. 

CONTRIBUTION TO THE THEORETIC STUDY OF FLEXURE (Contribution a l 
etude theorique de la flerion, VP. Weelhof. tnnales de lAssociation des 
ingenieurs sortis des écoles 


1912. 14 pp. mt). 


spceciales de Gand, ser. 5. vol. 5. no 


3, p. 244, 
A mathematical investigation consisting in an application 
of the equation of Maurice Lévy to a determination of the cases where the 
usual formula of flexure gives correct results as far as stresses are con 
cerned, whether shearing, or with respect to the moment of flexure: a 


short discussion is appended on elastic deformations. 

THE LAW OF Viscosity OF FLUIDS (Das Gesetz der Viskositét der Fliis 
sigkeiten, A. Batschinski. Physikalische Zeits., vol, 13, no 24, p. 1157, De 
cember 1, 1912. 14% p., 1 fig. et). Advance notice of an article to be pub 
lished. The author claims to have 


established that the viscosity of a 
fluid is a function of its specific volume. Attention 


is called to this notice 
because, as has been shown by Ubbelohde (The Journal, August 1912, p. 
1247), “ viscosity is the only factor affecting the coefficient of friction. 
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and all oils having the same viscosity have the same coeflicient of friction 
in a bearing. It is often easier, however. to determine the specific volume 
of an oil than its viscosity, and the former may thus be used for the 


estimation of lubricating qualities of liquids. 


SELECTION OF Power (Die Wahl ciner Betricbskraft, Fk. Barth Zcits, des 
bereines deutscher Ingenicure, vol. 56, nos. 41 and 42, October 12 and 1%, 
1912, 15 pp.. 1 fig. es). The author does not attempt to establish any 
universal rules for the selection of power, but shows that for large powe! 
units, say over COOO h.p. the steam turbine has to be used, while in other 
cases choice lies between a heat engine and an electric motor Utilization 
of heat of exhaust gases in the case of internal-combustion engines is of 
advantage in the case of large gas engines in such as large steel works and 
mines, but one must not forget that when the engines work only intermit 
tently, the supply of heat will also be intermittent. As the load factor of 
the plant and local fuel price decrease, the cheapest engine becomes the 


most economical, which means for large outputs at least, the steam engine. 
With a high load factor and high price of fuel the Diesel engine is to be 
preferred, but for power reserves and low load factor plants they are of ad 
Vantage only in cases where particular stress is laid on the facility of, and 
speed in starting. Whether a suction gas plant is advisable in any particu 
lar case, is mainly a matter of the price of fuel: it is, when there vailable 
fuel at a low price per heat unit, while in large plants the prelim 


gasification of the fuel is of advantage in that it permits of the recovery oi 


such valuable by-products as nitrogen and tar. The author shows that 
the introduction of the naphthalene, Diesel and suction gas engines, and 
steam superheat in steam engine plants have deprived the central station 
of a large amount of its previous importance, since the isolated plant is now 
about as economica inh its operation nus the large central plat, purrtie ularly 
since it does not have to meet the expense of laving the cable net. The 
author goes so far as to state that the central plant can compete in the 
cost of producing power with the Diesel engine only where it has a steady 


market for its waste heat. 


The article contains a large amount of interesting statistical materia 
Pumps and Fans 

CALCULATION OF CENTRIFUGAL Pumps (Berekening van de ce:trifugaal 
pomp, VP. FL A. von Wolzogen Wiihr De Ingenieu vol, 27 o 45. p 
S97, November 9, 1912. 514 pp., 6 figs. ¢A) An attempt to give an exact 
and practical theory of centrifugal fans without using Euler's | lament; 
formulae Fig. 6 is a cross-section, normal to the axis of a Whi 


polar equations of motion are 


dm ," ré (} 1} 


ad] 9 

1 dt 
where 1 r@is the absolute tangential velocity, and w absolute radial 
velocity. From the equation of continuity it follows that sb.iw, constant 


of rb.w,r= constant, since s (length of the element) is proportional to 7 
Equation [2] can also be written as 
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_ am 
Tu 1 di ad (u [3] 
; dm | 
and since rd7 dM, a moment, and is the mass flowing per second, 
dt 
which in the stationary state is constant and equal to WV [3] may be 
written as 


AM = M sec.d(W 





3a 
which, on being integrated, gives 
VM A ase W nT) (Wp? 1] 
From equation [1] the author derives 
, g 
W di; dp =0 5 
Y 
which permits of the calculation of the increase in pressure ( 
known as a function of r. The tangential Component wn» Consists ? 
Wr 
4 
lad 
—— He » 
= "i. 1 
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ric. 6 Fan Wuee., St BLADE AND Streas |)! 


IA 


where w» is the angular velocit) the axis, and of rel: 


ALIVE CPlLOCILY 


x 
the origin of this velocity component in the tangential direction being ‘ 
deflection of its blade curvature from the radial direction. so that 

w+ x’) or x’) 6 
the latter for the case when x is in the direction of rotation opposite to 
that of w 

Further 
ly lx [ dx 
ina Ss 
dit dy 1°} 


ad 
But 7 x ty a, and therefore 
d 


< 
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And since mw, at entrance and exit are fixed, the following two equations 
hold : 


wl; 
ly ay= Sb 
W ri 
and 
Wie 
ly ae se 
u re. 


he second of these equations may also be written in the form 


To)* WLU pT j)e i ( 
a, Rd 


Il. Lore: > ilue for the wheel constant ¢ \( 7 : he accepted 
) 


here the peripheral speed of the fan. 
he radii of curvature of the blades may be taken with reference to 


es ¢. und ¢, in which case w, becomes known as a function of r, 


ror SC t follo t when is sim 7 irge, then qa, must 
e negative (leading blade); in the opposite case qa, is positive (lagging 
de) lo be able to realize any desired angle, the simplest way is to 
elect for the blade curvature an are of a circle. It is further unnecessary 
determine wy, as a function of r in order to determine the increase in 
pressure; the author indicates another method, but develops it only partly 
The author investigates further the various forms of fan blades, gives 
sraphical method for the construction of their radius of curvatures, as 


ve as a diseussion of the processes of flow of the fluid in the fan 


Steam Engineering 

New BoIrLer CONSTRUCTION FOR STEAM TURBINE PLANTS WITH SPECIAI 
RneGARD TO Water Tube Borters. (Neuere Dampfkessel Koustruktionen fii 
Dampfturbinenkraftwerke unter besonderer Beriicksichtiguig der Steilrohs 
essel, Fr. Miinzinger. Zeits. fiir das gesamte Turbinenwesen vol. 9, no 
ol, p. 488, November 10, 1912 (Continuation of a series of articles) 
Description and drawings of the Borsig high capacity boiler and of the 
Glogner boiler. Although with a considerable expenditure of time and 
labor the headers of two-header tubulous boilers may be made so as to g 


ve 
entire satisfaction, it is a matter requiring care, and one that cannot be 


handled by the methods of mass production. Babcock & Wilcox have intro 


duced the sectional construction which permits of rapidly making up a 
boiler of any height, but even this method is expensive on account of 
numerous tube joints. To avoid this, Engineer Glogner of Charlottenburg. 
Germany, uses instead of numerous tubes of small diameter a few tubes 


of comparatively large diameter carrying inside tubes of smaller diamete 


and having their ends beaded in horizontal sectional headers (Fig. 7A) 
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the front ends of the inner tubes are provided with reducing sleeves which 
are beaded in the front headers while the rear ends are held tight by 
nickel steel nuts (in the first Glogner boilers these nuts were protected 
by cast-iron caps, but experience has shown that such protection is super 
fluous). To clean the boiler, the nuts are loosened, and the inner tubes 


wooden mallet; in putting the boiler togethe 


removed by a blow of % 
again it is sufficient to have the inner tube loosely beaded in: the path of the 
gases is so arranged that the temperature of the external wider tube is 
higher than that of the inner tubes, and the former in expanding makes 
a tight joint. Fig. 7B is a section through the boiler; the return path of 


witer is through tubes beaded in the upper part of the boiler, and there 











Fig. 7 GLoGNER WaTER TuBe BoILerR AND BoILerR TuBt 


fore heated but little. It is claimed that the Glogner boiler is of greatel 
simplicity than the usual watertube boiler: where the latter with a heating 
surface of 250 qm (say 2500 sq. ft.) has to have 150 tubes with 300 joints, 
a Glogner boiler of equal capacity has only 48 tubes with 48 nuts. In 
testing a Glogner boiler in 1910, when this type was still to some extent 
in the experimental stage, Professor Josse found a_ boiler efficiency of 
75 per cent, temperature of feedwater 50 deg. cent. (122 deg. fahr.). that 
of superheated steam 283 deg. cent. (541.4 deg. fahr.), and of flue gases 
296 deg. cent. (564.8 deg. fahr.), the absolute steam pressure being 12.3 
atmospheres. 

Hien Capacity Water Tune Borter PLANT OF THE MUNICIPAL CENTRAI 
STATION IN BRANDENBURG A.H. (Hochleistungs-Wasserrohrhessel-Anlage im 
KHlektrizitdtswerke der Stadt Brandenburg a... Mahr. Zeits. des Vercines 
deutscher Ingenieure, vol. 56. no. 42. p. 17OS, October 19, 1912. 8 pp.. © figs 


de). Data from tests of 2 high capacity marine type boilers installed at 


the municipal plant of the city of Brandenburg, Germany. The construc 
tion of the boilers permitted the maximum production of 480 kg. steam 
P 


per qm (9.9 Ib. per sq. ft.) of ground area, while 1 sq. ft. of boiler heating 


surface required only 0.0725 sq. ft. of ground area. This shows the ad 
vantages of this type of boilers for use in places where the ground value 
forms a particularly important item in the cost of the station The 
efficiency of the boiler plant is given as 79.0 per cent without feed heater. 


”o”° 


and 83.5 per cent with feed heater. 
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CORROSIONS IN STEAM BolLers (Des corrosions dans les chaudieres a 


vapeur, La Maestra. La Technique moderne, vol. 5, no. 10, p. 357, No 
vember 15, 1912, 6 pp. ptaA ). The author begins with the well-known fact 


that steam boilers are most affected by corrosion at the transverse riveting 


seams and at the curvature of the stamped parts; it is also very usual, 


particularly in the case of locomotive boilers, to find strongly corroded 


places on the inside of the boiler opposite its intermediate supports. Forney 
are subject to corrosion and in parts 
submitted to powerful tensions at the 


stated that when steel and iron 


same time, the corrosion will be 
stronger at the places of greater tension. From a study of a number ol 
locomotives the author found that when the supports adhere closely 
cold, and consequently produce a strong 


hot, there are clearly 


when 
tension when the locomotive is 
pronounced corrosions along the supports, from 4 


sometimes to as much as 7 mm (0.157 to 0.229 in.) deep, but when there 


was a play of about 1.50 mm (say 0.06 in.) between the boiler and its 


support when cold, no such corrosion was observed. The same explanation 
stamped end-sheets of boilers 
Stamping is at best a delicate operation, and the 


is given for corrosion affecting the 


end sheets are 
subject to great tensions, so that if the work is not done well, or the 
material is somewhat defective, corrosion is likely to start 
On the same basis of corrosion being a function of the stress in the 
respective boiler sheet, the author proceeds to establish a formula for the 
speed of corrosion and time which it takes for 
a certain depth, e.g. that at which it becomes 
He derives the following two formulae 


corrosion to penetrate to 


dangerous for the boiler 


. C 4Y 
\ r . and 2 - (28 
8s—y 2P( 
' ; PD 
where V is the speed of corrosion, /’ pressure per unit, C constant 


noticing that the 
second equation, the law of the progress of corrosion, is that of 


s thickness 


if sheet, i/ depth of corrosion, It is worth 


a parabola. 
corrosion to reach a certain depth, 
a corrosion of depth s 
to produce a corrosion of depth /i,n, it) will 


To find how long it will take for 


the author assumes that if in time ¢ is produced, 


require some time f¢ Kt,, 


to be determined. He further shows that 
A is the ratio of proportionality. 


where A is a certain coefficient 


K has been determined experimentally for various values of the depth 


plate s, and brought together in Table 4. 
The following example is quoted to show 


of corrosion and thickness of 


how this table and method are 
A locomotive boiler has cylindrical sheets 15 
thick, with a diameter of 1515 mm ( 


to be used. mm (O59 in.) 
o1.5 in.), rated at 10 kg (142 Ib 
in.) : the boiler is subjected to a stress of 4.3S 


per sq 
ke (62.2 lb. per sq. in.), while 
the maximum stress is 7 kg (99.4 lb. per sq. in.). The sheets may there 
fore be used until they have attained 


the minimum thickness of 9.39 mm. 
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hut to simplify the calculation the depth of permissible maximum corrosio 


is found to have corroded to a depth of 5 mm (0.118 in by substituting 
is assumed here to be G mm (0.256 in.). After 4 years of work, the boilet 
values from Table 4 for A and the above equation for the following 
found: 
104 
Q.48=61 (5 vears and 1 mont! 
81 
125 
0.48=74 (6 yea nd 2 montl 
S1 
144 > 
0.48 =8 venul 1 m 
SI] 

Or after three vears and one month more the corrosion in thi jiler w 
pass the safe limit. In a supplementary discussion the author apt 
rABLE 4 rIME COEFFICIENTS FOR CORROSION IN BOILERS 

1h ( 
( 9 14 ( - 80 
1; 61 } 3 
8 : 4 
to trace the spread of corrosion rifts to origi le ‘ t] 
due to irregularities in casting 
The author shows how to apply these equations to the deter m of 
the most economic thickness of plates for a given pressure, or pr‘ ire fol 
a given thickness of plates. A boiler has to be made to work with a pres 


sure p, to be of diameter D, Rk being the 


coetlicient of resista1 
plates, and the thickness has to be selected between 


; and s,, the itter he 
larger: let / be the 


time required for corrosion to the 
duced, and /¢, the time for cor: 


osion to the depth h, such that 
then, as the author shows, 


| 

t | 2s h) 
by which the advantage of a thicker or thinner plate may be determined 
Sometimes it may be of advantage to adopt the thicker plate o1 





two lower half rings of the cylindrical part of the boiler inste 
rings which are used for protecting that part of the 
corrosion. 


ad of copper 


boiler from too 1 dl 


The above applies in the first place ft 


o locomotive boiler 
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Thermodynamics 

\ TrcrNicAL PROCESS FOR THE DETERMINATION OF HEAT CONDUCTION IN 
PLATE-SHAPED Bopies (Lin technisches Verfahren zur Ermittlung der Wd 
meleitfahigkeit plattenformiger Stoffc, R. Poensgen Zeits. des Vereines 
deutscher Ingenicure, vol, 56, no. 41, p. 16538, October 12, 1912. 5 pp., 10 figs. 
cA). The Nusselt process for the determination of the coefficient of heat 
conductivity (the heating element is placed in the center of a ball which 
is filled with the material under test; the coefficient of heat conductivities is 
determined from the amount of heat produced at the heating element which 
is in turn determined from the strength of the heating current and electrical 
pressure, and from the amount of heat transmitted to the surface of the 


hall) can be used only for materials plastic enough to fill a ball, and having 
equal coetlicients of heat transmission in all directions. For materials which 


have to be tested for heat transmission in the shape of plates Gréber used 
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arrangement in which two layers of the material under test enclosed 


a plate-shaped heating element; the disadvantage of this arrangement lay 
n the escape of heat sidewise along the edges of the heating element not 
covered by the plates of material under test To avoid this the author 
encloses the main heating element into an auxiliary one having the same 
temperature as the first and arranged to prevent the sidewise escape of 
heat without materially affecting the amount transmitted through the 
plates of the material tested. In Fig. S Hy, is a square heating element 
lying between two plates P, and P, of material under test, of equal thick 
nesses and of the same area as the heating element. Around 
the last and at a distance of 2.5 to 4 cm (0.97 to 1.57 in.) is placed a 
ring-shaped heating element Hr, 11 cm (4.5 in.) broad, covered on both 
sides by plates R, and R, of some heat insulating material of the same 
thickness as the plates under test. The other sides of the plates P and the 
rings R are covered by water cooled jackets A, and A,. Care should be 
taken that the temperature of H, should be equal to that of J/,, as well as 
that the temperatures of A, and AK, be equal to one another. Under thes 
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conditions the isotherms ought to lie in the planes parallel to the surface 
of the plate, and the coefficient of heat conductivity may he determined 
from the formula 


Q.6 


2F (ti —t 
where Q is the amount of heat supplied to the heating element i 


é 


1 calories, 
tf, and ¢, are the temperatures of the warmer and colder surfaces of the 
plates under test in deg. cent., 6 their thickness in m. and F' their area 
in qm. 

Kor heating elements the author used fabrics woven of Conustantan wire 


and asbestos fiber. The article contains data from tests made by the author 


rABLE 5 COEFFICIENTS OF HEAT TRANSMISSION 


Spe Weight ( ficient 
Heat Trans 
Material ‘ 
Li : 
Kg ‘Chr , D ( 
( I 
Linoleum 1183 74 ( 
Wood normal to the fiber 46 34.2 
Wood pal illel to the fiber ] 34.6 
Teak wood normal to fiber 642 10.5 
Teak wood parallel to fiber 604 37.8 
Oak normal to fiber 825 2 
Oak parallel to fiber S19 51.2 
Asbestos slat 783 112 0.19 
Gypsum plates with enclosed pieces of ri GR> 13 0.2 
Building gypsum 1256 78 
Wood and brick building wall 0). 28 
Machine made brick los2 L106 j 
Brick wall 1850 116.2 
Concrete 1:4, dr 2180 136 ( 
Concrete (1:12, fres} 2050 128 


at the laboratory of the Technical High School in Munich. of which the 
most important are reproduced in Table 5 (cep. a similar table from the 
tests of Biquart, The Journal, December 1912, p. 2105) 

Among other things established by the author was a confirmation of the 
fact found by Nusselt, viz. that the coefficient of heat transmission in 
creases as the temperature rises 
Miscellanea 

PROGRESS IN REFUSE DestrucTOR FURNACE ENGINEERING (Fortschritte 
auf dem Gebict der Miillverbrennung, HU. Schaefer. Zeits. fiir Dampfkesse 
und Maschinenbetrieh, vol. 385, no. 48, p. 505, November 29, 1912. 38 pp 
10 figs. d). The great difficulty in refuse destructor furnace work was the 
method of handling ashes, a problem all the more difficult owing to the 
fact that the ashes and dust formed from 6 to 10 per cent of the weight 
of the refuse burned. Handling by manual labor proved to be both an 


expensive and an unhygienic proceeding. A suction fan placed between 
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the ashpit and exit was experimented with, but the hot ash and dust 
handled was destructive to the fan blades. An attempt to meet the difficulty 
by placing the fan benind the exit proved to be equally unsuccessful owing 
to the trouble experienced in keeping the installation in working order 
Hartmann & Co., of Offenbach a.M., Germany, have devised an improved 
system described in the present article, the main feature of which consists 
i 


producing the suction by a specially constructed pump (no details as 
to its construction are given), and in moving the dust and ashes through 
closed pipes exclusively. The article describes in some detail the piping 


system in the Hartmann installation in the municipal refuse destructor 


plant in Frankfort, where it was found to give entire satisfaction 


MECHANICAL TILLING AT THI Bources Exuinirion (Le lahbourade 


mecaniqne a VE arposition de Bourges, H. Pillaud. La Pechnique moderne, 








Fic. 9 DIAGRAM OF STRESSES IN a M 


vol, 5, no. 9, p. 510, November 1, 1912. 6 pp. 5 figs. ad7A.). A very interest 
ing account of the competitive tests of farm tractors at the Bourges Exhibi 
tion (France, October 1912), together with a description of the best types 
of French tractors. The tests were made under various conditions, close \ 
approaching those of actual work (e.g. in muddy and rocky ground) and 
were on the whole very satisfactory. Both internal-combustion engined 


and steam tractors were represented 


THe Moror PLOW FROM THE POINT OF VIEW OF THE AUTOMOBILE ENGINEER 
(Der Motorpfluy vom Standpunkt des Automobiltechnikers, K. S. Auto 
echnik, vol. 1, no. 19. p. 35, October 11, 1912, appended to Allgemeine 
butomobil-Technik, vol. 4, no. 41) dt). Examination of the princi 
ples of design of motor plows, mainly with respect to their difference 
from that of motor cars, with discussion of the coustruction of the motor, 
cooling, transmission gear, ete. Of interest is the discussion of the difference 
in the action of the tlywheel in the two cases, as illustrated by the fol 
lowing numerical example. Let an automobile weigh 1000 kg (2200 Ib.), 
and move at 70 km (43.5 miles) per hour. Let the motor make 1800 r.p.m., 
the weight of the flywheel he 25 kg (55 Ib.), and its diameter through 
the center of gravity 400 mm (15.7 in.) The kinetic energy of the whole 


car is then: 
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mi LOOO 70 \2 
: — ) = 19200 mkg. 


2 2xX9.81 5.0 
That of the flywheel : 
myt 25 3.14*0.4x1800 \2 
ee 1810 mkg. 

2 29.81 60 
The tractor weighs 10000 kg (22000 Ib.), and has a speed of 1 m (3.28 ft.) 
per sec. Its motor makes 350 r.p.m., while the weight of the motor is {UU 
kg (1984 lb.), and its radius 1 m (38.28 ft.). The kinetic energy of the tra 
tor is then: 

mi 10000 


L=510 mkg. 
2 ‘xo. Bs 


while that of the flywheel is 


mv YOO 3.141350 - 
15400 mkg 
2 2xX9.81 60 


This comparison shows that while in the case of the automobile the resis 
tances are supposed to be taken care of by the kinetic energy of the whole 
ear, and the kinetic energy of the flywheel supplies only about one-tent! 
of it, the kinetic energy of the flywheel in the tractor is about thirty times 
that of the tractor itself. That indicates also the kind of motor best 
adapted for tractor work; if the total energy of the above flywhee 


were given up in one second, that would be equivalent to an outp 


it of 
about 200 h.p., or nearly four times the regular motor output: this shows 
the advantage of using multicylinder motors which can be equipped wit! 
lighter flywheels, and still produce a uniform turning moment 

The author also calls attention to the necessity of carefully consideril 
in the case of a motor plow the variations of the vertical axial pressure 
due to the driving and external forces. When the motion is uniform 
addition to the axial load G (Fig. 9) there are acting the crown pressure 
P and the tractive effort Z on the rear wheel. The rolling resistance ot 
the front wheels produces the force /’ acting backwards, the moment of thi 
resistance at road surface of the rear wheels being equal to G.f. On the 
wheel circumference is acting the adhesion foree S. The horizontal force 
acting on the axis is therefore / Z S, and the driving moment is 

pP } (; f - S . 
The pressure on the teeth P of the small driving toothed wheel produces 
an equal but oppositely directed reaction P?, on the bearing. 

The tractive effort Z, when applied as is usually done, above the point 
of support of the carriage, produces a decrease of load on the front axle, 
by producing a moment Z.h tending to lift the front part of the tractor 
off the ground. 

The following numerical example may show with forces of what magni- 
tude one has to deal in the case of tractors. A tractor « 


f 9000 kg (say 
20000 lb.) exerts, when at rest, a pressure on the road surface in front 
The 


axle base is 4 m (13.1 ft.), the diameter of the driving wheels 2 m (6.56 ft.) 


equal to 3000 kg (say 6600 Ib.) and behind GOOO (say 13400 Ib. 


The motor capacity is 50 h.p., the efficiency of the plant down to the driving 





wheels is 0.8, so that 40 h.p. are transmitted to the rear axle. The speed 
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is 1 m (6.28 ft.) per see. Of the motor output 50 per cent are consumed by 


the resistances of the tractor itself, 50 per cent are used to drive the plow. 


ScHIESS AUTOMATIC Fike ALARM AND EXTINGUISHER (/xtincteur-avertis- 
seur automatique Wincendie, systéme Schiess. Le Génie Civil, vol. 61, no. 
23, p. 467. October 5, 1912. % p., 1 fig. d). The apparatus is shown in 
Fig. 10. When the temperature rises beyond a certain point, the ther 





+ $ 


‘ae 
> eae = 
Bi 


Fic. 10 Scuress Automatic Fire ALARM AND EXTINGUISHE! 


mometer 7 closes the current, and makes the electric bell S ring, and the 
electromagnet HE energized. The electromagnet attracts the soft iron piece 
I’ which releases the catch hook C, and this lets the reservoir R tilt down 
about the axis XY. During this tilting of R the percussor P breaks the 
vlass tube A filled with hydrochloric acid which flows into the reservoir 
RP filled with carbonate of soda, and produces an energetic evolution of 


carbon dioxide. This gas driven by the pressure inside the cylinder flows 
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with considerable violence through the opening /, and striking the shield 
K, spreads brushwise to all sides. It would appear, however, that some 
of the mixture of the acid and carbonate of soda would be carried away 
by the gas and thrown to all sides, which might be undesirable under 
certain conditions. 


ON THE INSTALLATION AND OPERATION OF Woobp-DrYING PLANTS (Uber 
die Kinrichtung und den Betrieb von Holztrocknunysanlagen, Max Drib- 
busch. Werkstattstechnik, vol. 6, no. 19, p. 497. October 1, 1912. 5 pp., 
14 figs. p). A discussion of the principles of installation and operation 
of wood-drying plants written in a thoroughly practical manner; particular 
requirements for the more important kinds of wood are indicated, 
the advantages and disadvantages of various systems of 
application discussed. 


and 


compressed air 


SAFETY APPLIANCES FOR USE WITH TANKS FOR THE STORAGE OF EX 
PIOSIVE LIQUIDS: AUTOMATIC EXTINGUISHING Devices, Dr. FLAcu’s Sys 
TEM, PATENTED IN GERMANY (Sicherheitsmassnahmen bei Tanks fiir Lage 
rung feuergefdhrlicher Flissigkeiten durch selbsttitiy wirkende Losch 
vorrichtungen System Dr. Flachs D.R.P., E. Schultze. Allgemeine dOste: 
retchische Chemiker- u. Techniker-Zeitung, vol. 30, no. 20, p. 153. October 
15, 1912. 24% pp., 1 fig. d). Description of a new system of fireproof tanks 
for the storage of dangerous liquids like benzine or gasolene, based on 
a combination of the principle of the Davy safety lamp with that of pro 
ducing low temperatures by expanding compressed non-oxidizing pro 
tective gases. The surface of the liquid is protected by 
fine wire screens which take care of temperature 


one or more 
variations, prevent 
the explosions of the liquid, and act as cooling surfaces. In 
the pressure produced by the small explosions under the 
(just as in a Davy lamp) automatically sets the tank in connection with 
steel flasks filled with non-oxidizing gases (carbon dioxide, 
these gases expand on reaching the wire net, and 


addition, 
wire screen 


nitrogen ) ; 
thereby produce a 
powerful cooling which prevents the spread of fire, and cools off the wire 


net itself. This system has been approved by the Berlin factory inspectors. 
SUBMARINE SLED FOR DriGer Divers (Unterseeschlitten fiir Drdge) 


Taucher. Periodische Mitteilungen aus dem Draegerwerk Liibeck, no. 4. 


October 1912. d). The construction of diving apparatus without air pipes, 
such as the apparatus of the Driigerwerk Lubeck (The Journal, October 
1912, p. 1584) and Westfalia (The Journal, November 1912, p. 1900) made 
the diver to a considerable extent independent of the boat acting as his 
base of operation, and this made it desirable to devise some means for 
making his locomotion more rapid than walking along the bottom, which 
would give him more time under water for placing torpedoes, inspecting 
the location of submarine obstructions to navigation, searching for wrecks, 
ete. The Driigerwerk Lubeck designed for this purpose what they call 
a submarine sled, or a boat provided with air tanks and vertical rudder, 
both arranged in such a way that by suitably operating them the boat may 
be either kept at the surface, or lowered to the bottom. Cp. 


American, December 21, 1912, p. 534. 


Scie ntific 


THE EDUCATION OF MOLDERS AND FOUNDERS AT THE ROYAL TRADE ScHoo! 
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FOR THE Mera INDUSTRY AT ISERLOHN (Die Ausbildung der Former und 
Metalgiesser an der Koénigl. Fachschule fiir Metalindustrie zu Iserlohn, 


H. Krause. Giesscrei-Zeitung, vol. 9 no. 20, p. 623. October 15, 1912. 
6 pp., 5 figs. d) Description of the course for molders and founders 
at the Iserlohn Trade School. ‘the course in the school is equivalent 


to a period of apprenticeship, and therefore the program includes a 
large amount of practical work, and avoids all theory that is not of 
recognized value to the practical foundryman. ‘The program of the school 
is quoted in detail. 


DUBALUMIN (Duralumin, L. M. Cohn. Elektrotechnik und Maschinen- 
bau, vol. 30, nos. 39 and 40, pp. S09 and S29, September 29 and October 
6, 1912. 10 pp., 11 figs. ep). Data from an investigation of the properties 
of duralumin previously published by the same author in Zeits. des 
Vereines zur Beférderung des Gewerbefleisses, 1911, no. 1. The first 
part of the article (in no. 39) contains among other things information 
as to substances attacking duralumin; the second part (in no. 40) is 
devoted to its use in electric conductors 


Supplementary References 

EXPERIMENTS OF THE FIRM A. BorSIG IN TEGEL NEAR BERLIN WITH 
[)UPLEX-SPRING VALVES IN HIGH-SPEED WATER PuMpPs (7he Journal, Octo 
ber 1912, p. 1577). A long explanation why some pumps with both valves 
positively loaded do start, and why they did not in the tests made by the 
author Die Fordertechnik, vol, 5, no. 11, p. 262, November 1912. 


NEW EXPERIMENTS ON THE COMBUSTION OF NITROGEN IN EXPLODING GAS 
Mixtures (7Vhe Journal, October 1912, p. 1564). Description of the applica- 
tion of this process to the production of nitric acid from atmospheric nitro 
gen, and apparatus used, in /ndustria, vol. 26, no. 46, p. 739, November 17, 
1912. 

VALVELESS Pump “ BAvARIA”™ (7V'he Journal, August 1912. p. 12538) De 

iled description and drawings in Pompe sans soupape, Portefeuille econ 


omique des machines, 5th ser., vol. 10. November 1912, p. 170 

















GAS POWER SECTION 
PRELIMINARY REPORT OF LITERATURE 
COMMITTEE 
XXIII 


ARTICLES IN PERIODICALS 


(Gy Car-l RY FOR AN Evectric RAILWAY Engineering Ne Novem- 
I i, 19] p., « figs 
I Ix 
( | | Ul IONS OF THE PuBLIc Service Commi ON FOR Com- 
Boro MANHATI New York Ciry / eering Ne 
{> | ivid py 
| ir PropucTion PECULIARITII ‘D INVESTIGATION, L 
~ Z hrift des Vereine leutscher Ingenieure, October 26, 1912 
~ VEST IE SINGLE Screw. The Engineer (London), October 


J 19]2 a) | 4 fig | curve 5] 
al 800 h.y 
Moron Sup | spseck. The Engineer (London), November 22, 1912. 23 
pp., 6 fig i 
k 1) 


tr 
tri 


Or as Fue., Tur User or, A. O. Krieger. Engineering News, November 21, 


Opinions expres ed are those of the reviewer, not of the Society Articles 


are classified as c comparative; d descriptive; e experimental; A historical; 
m mathematical; p practical. A rating is occasionally given by the reviewer, 


as A, B, ( Che first installment was given in The Journal for May 1910 











REPORTS OF MEETINGS 


BOSTON MEETING, DECEMBER 20 


A meeting of the Society was held at Boston, Mass., on December 2U 
when Prof. H. W. Hayward of Massachusetts Institute of Technolog 
presented a paper on The Testing Laboratory and the Constructing En 
gineer. He described the equipment and functions of the different types 
of testing laboratories (works, government, technical schools, ete.), and 
brought out various misconceptions prevailing even among intelligent en 
gineers as to what can and cannot be done in the laboratory, and as to 
What constitutes a reasonable specification for any particular class of 
material or structure. The value of the laboratory in determining com 
pliance with specifications, also the value of laboratory tests in furnishing 
practical standards for incorporation in specifications, were indicated at 
some length, and a list of problems was given which had actually been 
put up to laboratories to solve. Examples were given of the amusing 
and absurd requirements which occasionally creep into well regulated 
specifications, and a number of slides were shown illustrating various 
points covered by the address. In closing the author appealed for a 
closer codperation between the manufacturers and contractors and the 


full size specimens and 


laboratory to the end that more tests be made of 


of structures under conditions of actual use 
The paper was discussed at length by Prof. I. N. Hollis, Mem.Am.So«¢ 
M.E., Prof. Geo. F. Swain, Mem.Aim.Soc.M.b., and Mr. Woods 


STUDENT BRANCHES 


ARMOUR INSTITUTE OF TECHNOLOGY 


On December 4 the Armour Institute of Technology Student Branch held 
its third regular meeting. The speaker of the evening was Mr. S. Rosen 
zweig of the Erie City Iron Works, who presented an illustrated lecture or 
Poppet Valve Engines and Superheated Steam. Since the use of super 
heated steam is not general in this country the paper was of great interest 
to all and was discussed by Professors G. F. Gebhardt, Mem.Am.Soc.M.E 
and H. L. Nachman, and A. W. Semerak 


COLUMBIA UNIVERSITY 


The student branch at Columbia University held a meeting December 6 
and Mr. Place of Warren and Whetmore. architects for the New York 
Central Railroad. gave a talk on the Mechanical Features of the New 
Grand Central Terminal 
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CORNELL UNIVERSITY 
Sibley College Student Branch held a meeting December 11 at which 


Prof. R. C. Carpenter, Mem.Am.Soc.M.E., spoke on The Practical Problems 
of Smoke and Dust Prevention. 


LEHIGH UNIVERSITY 


A meeting of the Lehigh University Student Branch was held Novembei 
19 when Professor Schweinitz was elected honorary chairman. The Electric 
Lighting of Steam Trains was presented by Mr. Johnson; Some Efficiency 
Secrets by Mr. Brooke; and Mr. Buttertield spoke briefly of the cleaning o 
blast furnace gas for use in engines; dry, wet and mechanical scru 
were also discussed 

On December 10 Mr. Janeway presented a paper on An Economical 
Method for Producing Sound Steel, and Lieut. W. D. Greetham, govern 
ment inspector for the navy at the Bethlehem Steel Works, spoke on 


Naval Ordinance and Guunhery 


POLYTECHNIC LNSTITUTE OF BROOKLYN 
At a meeting of the Polytechnic Institute Student Branch on December 
7, Geo. A. Orrok, Mem.Am.Soc.M.E., lectured on Hydro-Electric Develop 
ment with particular reference to the water power plant being built near 
( hattanooga on the Pennessec River Dis USSIOL Was ottered Dy Professor 


knnis, Mem.Ain.Soc.M.E., Messrs. Adler, Heustis and other student mem 


bers. 
PURDUE UNIVERSITY 
An unusual interest is being taken in the Purdue University Student 
Branch this year Regular meetings are held every two weeks and are 


well attended. The meeting on December 3 was addressed by Mr. Shaw, 
western Sales manager of the Westinghouse Company, who gave the history 
of turbine development, discussed features of the construction of the most 
modern turbines and condensors, and gave a clear idea as to the field of 
the turbine as a prime mover. 


STEVENS INSTITUTE OF TECHNOLOGY 


Stevens Institute of Technology Student Branch held a meeting November 
26 at which Prof. F. R. Hutton, Honorary Secretary of the Society, read a 
paper on The Testing of the Automobile Motor. Secretary Calvin W. Rice 
told of the progress of the work of the student branches and Past-Presi 
dent Alex. C. Humphreys closed the meeting with a few appropriate re 
marks, 

On December 6 a paper by Carl F. Dietz, Mem.Am.Soc.M.E., on the Manu 
facture of Abrasive Materials was presented Messrs. Kinsey, Vander 
Veer, Smith, Aronson and Kepke entered into the discussion. 

George R. Henderson, Mem.Am.Soc.M.E., read his paper on The Develop 
ment of the Locomotive at the December 10 meeting. Messrs. Vander Veer 
and Henry took part in the discussion 
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SYRACUSE UNIVERSITY 


A student branch was established at Syracuse ULbiversity Decembel 
1912, and the following ollicers ive been elected Honora! (Chairmal 
Prot. W. k. Ninde; Chai Oo. W. Sanderson; Correspondi Secretar’ 
R. A. Sherwood 

UNIVERSITY OF ARKANSAS 

At the December 2d meeting of the University of Arkansas Student 
Branch, Prof. B. C. Carnahan read a paper on Gas Producers, and Producer 
Gas Analysis, which was followed by a second by John Danner on The 


Setting of Steam Engines 


UNIVERSITY OF CINCINNATI 


On December Mr. Roseuzwelg o he krie ¢ it} ron Works read bis 
paper on Superheated Steam and Poppet Valve Engines before the Uni 
versity of Cincinnati Student Branch He showed the economy of supe! 
heated steam and the adaptabil of the poppe e to its use. His sixt 


lantern slides showed the detailed construction of engine and \ ve geal 


in particulal Messrs. A. K. DeLeeuw, J. B. Stanwood, B. S. Hughe R. S 
Brown and Prof. J. F. Faig, all members of the Society, were prese) 
took part in the discussion. 


UNIVERSITY OF KANSAS 


The University of Kausas Student Branch held a mee I) 
» and several members of the senior class gave reports of 
spection trip to Keokuk, lowa, where they visited the Mis pi kt 
Power Company's hydro-electric plant. Mr. Knerr read | 
Kkxconomics of the Mississippi River Power Project at Keokuk, | M 
Plank reported on the stream flow of the Mississippi Rivet 
and Mr, Tangeman gave an accoul if the electrical installat 1} ‘ 


distribution of the pla 


UNIVERSITY OF ILLINOIS 


On December 6 the University of Illinois Student Branch held its regu 
bi-monthly meeting. Mr. S. Rosenzweig of the Erie City Iron Works re 
his paper on Poppet Valve Engines and Superheated Stea lowing 
which there was an inieresting and general discussion 

The members of The American Society of Mechanical Engineers at 
University of Illinois, with the heads of the several engineering de} 
ments, gave a dinner to Dean W. F. M. Goss of the College of Engi 


ing on December 13 at the University Club in Urbana, as an expression of 


} 


their appreciation of the honor paid him by his election to the presidency 


of the Society Among the guests present were the members of the Counci 
of Administration of the University of Illinois d Dean Charles H. Bet 
jamin of Purdue Universit) Prof. lra O. Baker acted as toas ster am 
the following toasts were give! lhe National Engineering Societies, |] 


fessor Arthur N, Talbot; Congratulations from the University, Dean Euge 
Davenport of the College of Agriculture; Greetings from Purdue Universit) 
Dean Charles H. Benjamin; Response, bean W. F. M. Goss 
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On December 18, a special engineering convocation was held to permit 
the general faculty and the students in the College of Engineering to ex 
press their appreciation of the honor paid Dean Goss. Brief addresses 
were made by President Edmund J. James and Prof. A. N. Talbot, aftei 
which Prof. lra O, Baker presented to Dean Goss a beautifully engrossed 
testimonial signed by representatives of the faculty and the various en 
gineering organizations at the University of Lllinois 


UNIVERSITY OF MISSOURI 


[The University of Missouri Student Branch held a meeting November 
18 at which Messrs. Heileman and Klein read a paper on The Diesel 
Engine. On December 2 Messrs. Pierce and James presented a paper on 
Che Present Day Aspect of Industrial Management. Short talks on the 


subject by Prof. Hibbard and Messrs. Wesson and Fessenden followed. 
LNIVERSITY OF NEBKASKA 


A meeting of the Student Branch of the University of Nebraska was 
held December 10 at which Messrs. Toney and Goddard presented The 
Purchase of Coal by Specification for discussion. The subject was treated 
under the following heads: origin of the purchase of coal by specification 

lvantages ; advantages; methods of buying with data. Professor Buke 
riticised the paper 


UNIVERSITY OF WISCONSIN 


sefore a meeting of the University of Wisconsin Student Branch on 
December 12, Prof. C. C. Thomas gave an account of the New York meet 
ing of the Society held November 12, when E. B. Passano’s paper on 
Measuring Efficiency in Manufacturing was read 


WASHINGTON UNIVERSITY 

A joint session of the Washington University student branches of the 
American Institute of Eelectrical Engineers and of the Society was held on 
December 11. Fred. H. Kohlmeyer of the mechanical engineering depart 
ment read a paper on Scientific Shop Management, and C. E. Wright of 
the electrical engineering department gave a talk on the Transmission and 
Distribution System of the Illinois Traction System. A genera! discussion 
followed 

YALE UNIVERSITY 

\t a meeting of the Yale Mechanical Engineers Club held December 10 

William Kent, Mem.Am.Soc.M.E., spoke on Engineering Opportunities. 
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RALPH P. BADEAL 


Ralph P. Badeau was born in Brooklyn, N. Y., October 26, 
1886, and received his early education at Rutgers College Pre 
paratory School of New Brunswick, N. J., and at the Battin 
High School of Elizabeth. He was graduated from Stevens In 
stitute of Technology in the class of 1909, and immediately after 
ward entered the employment of Purdy and Henderson, struc 
tural engineers of New York. While with them he had charge of 
the design of the McNeill Building, Chicago, LiL, and of the 
crane runway for Inland Steel Company. In November 1910 
he became assistant supel intendent of the A. & F. Brown Com 
pany of Elizabeth, N. J. where he was employed until his death, 
July 20, 1912. 


GEORGE H. SCHULTE 


George H. Schulte was born in Cincinnati, Ohio, April 16, 
i848, and at the age of sixteen went to Little Rock, Ark., where 
he was eniploved in the Fones Brothers’ hardware store. He be 
cume its manager in 1570. Twelve years later he went to Mil 
waukee, Wis. where for the next twenty years he was superintend 
ent of the Milwaukee Harvester Company, having full charge of 
the mechanical part of the works. Under his management the 
harvester was brought to so high a degree of perfection that it 
found a world-wide market. The company was purchased by the 
International Harvester Company of America in 1904, and Mr. 
Schulte remained as vice-president and general manager for one 
year, when he was compelled to retire on account of ill health. 
From 1906 to 1908 he was director and general manager of the J. 
I. Case Threshing Machine Company of Racine, Wis. The last 
three years of his life were spent in retirement and traveling. He 
died July 29, 1912. 


FREDERICK H, CRABTREE 
Frederick H. Crabtree was born at Ebbw Vale, England, Oc- 


200 








NECROLOGY 201 


tober 5, 1863, and died in Anaconda, Montana, August 3, 1912. 
His early education was obtained in the Cardiff High School, and 
in 1876 he entered as an apprentice the Blaina lron Works of 
Blaina, England, where he remained until 1881. Subsequently he 
was employed by the Thames Iron & Shipbuilding Company, 
London; Crossley’s Woolen Factory, Halifax; Blaina Blast 
Furnace Works; Ebbw Vale Steel Works; and as chief engineer 
in charge of the Pyle Works coal washing and coking plant, 
Blaina. 

Mr. Crabtree came to America in 1888 and accepted a position 
as master mechanic with the Rock Springs Coal Company of the 
Union Pacific Railroad. In 1890 he moved to Anaconda, Mont., 
where he held a number of responsible positions, among which 
was the supervision of the installation of the machinery in a 50- 
ton gold mill for the Republic Reduction Company, Republic, 
Wash. The last position he filled was as assistant superintend- 
ent of power plants of the Washoe Smelter Company, from which 
he resigned three years ago. 

Mr. Crabtree is the patentee of a number of devices. In 1887 
he was granted an English patent on improvements on a rotary 
steam engine; in 1904 on a pneumatic massage apparatus; in 1905 
on an automatic cut-off steam valve; in 1910 on a paper fastene! 
and on an auxiliary rim and tire protector 


ARTHUR C. SCOTTI 


Arthur C. Scott was born January 27, 1870 at Northbridge, 
Mass. He moved to Worcester when eleven years old and ob- 
tained his education in the public high school there and the 
Worcester Polytechnic Institute. His first employment was in 
the freight office of the New York, Providence & Boston Rail- 
road and two years later he went to work for the Draper Machine 
Tool Company of Worcester where he remained for seven years. 
In 1903 Mr. Scott entered the employ of the Norton Company as 
traveling salesman, and in 1909 was sent to Great Britain to sell 
grinding wheels and to investigate conditions abroad. He died 
November 22, 1912. 











EMPLOYMENT BULLETIN 


Ihe Society considers it a special obligation and pleasant duty to be the mediu 
of securing better positions for its members fhe Secretary gives this his persona 
attention and is pleased to receive requests both for positions and for men Notices 
are not repeated except upon special request. Names and records, however, are kept 
on the current oflice list three months, and if desired must be renewed at the end « 
such period. Copy for the Bulletin must be in hand before the 12th of the month 
rhe list of * men available” is made up from members of the Society and good 


not members Information will be sent upon applicatio 


POSITIONS AVAILABLI 


01 Engineer with practical experience to supervise the running and con 
struction of a large plant, as assistant to chief engineer and to represent 
him during his absence; must be able to take charge of drawing-room and 
design of buildings and machinery. Knowledge of manufacturing sugat 
preferred. State previous experience, age and salary desired. Apply 
through the Society. 


O02 First class steam engineer for 


large steel plant in Pittsburgh dis 
trict. Give experience in detail, education, age and salary wanted 

03 Young mechanical engineer of ability and experienced in the effici 
ency methods of shop practice and setting of rates, having a suitable per 
sonality for prosecuting this work, to act as assistant to superintendent 
in charge of work. Salary $100 to $150. Position one of promise 

04 Young mav on time-study work for New Jersey concern; must be 
practical mechanic technically inclined, preferably one with experience in 
armature and coil winding and general electrical work 

05 Man for production department, experience in technical lines, prefer 
ably in electrical work. Salary $100 upward. Location, New Jersey 

06 Works manager, trained manufacturing executive, experienced in 
problems of management of men, efficiency and factory accounting, with 
college preparation in chemistry, and with experience in the management 
of chemical, electro-chemical or metallurgical industries 

O7 Expert cost-reduction man, thoroughly experienced in modern shop 
practice, to devote entire time to development and application of cost re 
duction methods in Canadian plant, manufacturing air compressors, rock 
drills, hammer drills and minor allied lines. Apply through the Society 


08 Young engineer to handle technical work in the drawing-room and 
testing plant of Ohio concern; to be in charge of experimental work with 
opportunity to branch into the commercial side. 

08 Mechanical engineer, technical graduate for perfection of invention 
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for railroad use Exxperience in automatic signal devices preferred. Loca 


tion, New York. Apply through the Society. 
010 Technical man to handle the engineering positions, correspondence 
ind oflice routine for New York concern engaged in employment work. 


O11 Draftsman specializing in photographic machinery and apparatus 


New York concern. 


012 Salesman for New York concern manufacturing instruments for indi 


ating, recording and controlling temperature and pressure. 


Southern university desires instructor in mechanical engineering to 


ce position at once Desires graduate of high-grade engineering college, 
vho can teach machine design, mechanical laboratory, engines and boilers. 


fo the right man assurance of s 


teady advancement in salary and rank. 
Salar to start S1000 


Ul4 Water meter expert and designe! ocation New York. Apply 


V1l5 Air compressor expert and desiguer, ocation New York. Apply 


rough the Society. 
016 Efficiency engineer with full knowledge of machines, machine tools 
and the various and proper rates of cutting the different metals usually en 


ountered in machine shop practice; his duties will be to deal entirely with 


the ce} ‘ shop end of the plant Apply through tl Sande 

O17 Draftsm ccurate, 1 1; must ve experience on steel stamp 
ng, drawing and forming tools her experience valuable State experi 
‘ e. references, and salar desired 


MEN AVAILABLI 


Graduate ecl il engineer, teu years’ experience in design, testing 
ind operation of mechanica nd electrical plant equipment, especially 
qualified to handle mi desires connection with manufacturing or power 
production company preferably New York, At present employed in 
responsible executive positio 

2 Technical graduat e ot, practical mechanic with ten years’ ex 
perience in executive capacit mill engineering, power generation and 
transmission, « Desires position with large progressive concern in New 
England as factory engineer or works manager 

° Positio is Cl rstperi tendent by Memln r Phoroughly posted 


on modern factory methods and can show results in cost reduction; good 


executive. Prefers location nortl] if Ohio River. 


At present employed 
4 Production manager familiar 


j with machine tools, engines, automobiles, 
valves and fittings. Qualified to construct and apply special tools and ma 
chinery to assist in production Knowledge of labor-saving management 
including time studies, planning, routing, shop costs and premium systems 


5 Graduate, mechanical engineer, fifteen years’ experience, desires posi 


tion aS works manager or superintendent. Familiar with modern methods 
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of handling men and machines to produce profitable results. At present 
employed, but desires a positior th greater opportunities. Can furnisl 
good references. 


6 Junior, age 30, technical graduate, with experience in design, con 
struction, operation and maintenance of power plants and sub-stations, 
testing electrical and other machinery, desires responsible position with 
large manufacturing plant or contractors on power or hydroelectric plant 


work. Salary $175 to $200 per month. 


7 Sales manager, desires to connect with concern where opportunity wi 


be given to produce maximum results. Broad gage man with initiative and 
exceptional ability acquired by wide experience in mechanical and electri¢ 
manufacturing, having worked from drafting-room to superintendent in 
bronze, iron and steel foundry, and machine shop 


8 Sales engineer, with office and shop experience in designing, wishes 
to change. Experienced in plant y-out and equipment in detail; gradu 
ate Munich Polytechnic. Will consider salary and commission basis 
Desires New York location. 


9 Position desired as works manager, preferably with new compa! 


long experience as factory man and engineer; nm head of engineeril 


department of large company. 


10 Position desired as mechanical and electrical superintendent to tak 


charge of entire power department of manufacturing concer! 


oughly understands practical, economic and reliable operation; ten years 
experience. 

11 ‘Technical graduate, twenty-five years’ experience in invention and 
design of power machinery especially gas and steam, desires positio1 


12 Mechanical engineer, technical graduate, five years’ experience 


works engineering, gas engines and pumps, desires position as assistant 
to executive or manager. 

13 Technical graduate eighteen years’ experience in shop, drafting-roon 
and executive positions, desires position as chief engineer, resourceful 
designing and working out new ideas. Salary $2500 

14 Junior, age 27, technical graduate, six years’ experience erecting 
operating, and testing large gas engines, and various types of producers; 
gas engine and producer design in connection with trouble and experimental! 
work, desires position where such experience will be of value. Location 
immaterial. 

15 Technical graduate, thirty years’ experience in designing, building 
and managing mills for cotton, cotton oil and by-products. Competent in 
development of new schemes connected with the cotton industry from the 
plantation to the most remote by-product. 

16 Junior member, age 29, married, five years’ experience in machine 
shop and general manufacturing, three years’ as works engineer, desires 
position as assistant superintendent or with firm doing power plant or 
hydroelectric work. 
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1? Engineer, age 39, technical edu ation, executive ability, experienced 


in designing, erecting and operating arge gas and oil engines and producers. 


also manufacturing steam engines nd turbines: 


electrical experience 


1S Member, technical graduate, desires position as sales engineer, ex 


perienced as skilled mechanic, chief drat man 


struction of power plant equipment 
19 Mechanical engineer or chief drafts 
Chorough experience in steam power plant des 


mechanical equipment of round-houses. et: 
i 


20 Mechanical engineer. Stev institute 


plant superintendence and construction power! 


design, manufacturing and sale Acquainted 
New York City. 

“1 Mechanical engineer, Cornell graduat« 
and superintendence f manufacturing mills: 
and operation of plants for manufacture of « 


nitric and sulphuric acids and nitraté 


ind superil tendent of con 


nh with executive ability 


heating and ventilating 


Experience in 


Ouse engineering, boiler 


with terr ry I vicinity of 


vith constructior 
nufacture 


in Desire MOSITIOT T 











ACCESSIONS TO THE LIBRARY 


Wits Com™ Y THE LIBRARIA 


ACCOUNT OF THE HISTORY AND PR r STAT ( isM, John Bost 
Lor lor sls Gift ol | | 

AMERICAN MACHINIST GRINDING Book, F. H. Col i \. Stanley 
York, McGraw-Hill B 

[HE AMERICAN SOCIETY oFr \ H .L LNGID t Prat $80, vol. 1 
1881, vol. 2; 1882, \ } 

AMERIKANISCHE HUTTenw Peter Eyermal Sonderabdru aus der 
‘Zeit. des Oesterr. Ing 1 Architekten Verein 912, Ni 
Wien, 191 Gift of author 

Artistic BripGr Desien, H. G. Tyrre 

ATLANTIC DEEPER WATE! \ rio? Re i ! 
vddre on The New Je F. W. Donnel ( 

1912. Gift of New Jerse | nal ¢ 

Bau UND BErETRIEB VON P CHIFFEN, Richard Buasenach Frankfur 
a.M., 1912 

BayLoR UNIVERSIT’ Annual | rt of the President 1 Trustees, October 
1912 Waco, 191 Gift of university 

BEITRAG ZUR BERECHNUNG D LUFTSCHRAUBEN, ide Dornier. Berlin, 191£ 

BeLGium. MINISTERE DE L’ INDUSTRIE ET DU TRAVAIL. Statistique des Indus- 
tries Extractives et Metallurgiq et des Appareils & vapeur en Belgique 
1911 Bruzelle 19 Gift of Ministere de l’Industrie et du Travail 

BILLINGS, CHARLES | newspap pping Gift of Billings & Spencer Co 


COMPLETE TREATISE ON ELECTRICITY theory and practice with original ex 


periments, T. Cavall ed. 4 1.1. London, 1 Gift of L. B. Lent 
CoNnGRESO CIENTIFICO (1° PAN AME} Né Ciencias Natural Antropologica 

y Etnologi : S » de Ch G gre 
CONNECTICUT STA B | rio? Announcement of the Stat Trade 

School of Bridgeport 1912 Bridgeport, 191 Gif boar 
Connecticut TRADE Ep 1912-1913 Vi Brite Cift 


of state board Bridgeport, 

DESIGN OF SimPLe Roor-] Nn Woo! ND STEEL, M. A. Hows i 
New York, J. Wiley & S 

A tex i t 

ELECTRICAL AND MECHANICAL EQUIPMENT OF THE NEW PASSENGER TERMID 
OF THE CHICAGO AND NortTH WESTERN Rartway, Samuel G. Neiler Re 
print from Journal of Western Society of Engineers, vol. 16, December 1911 
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Fire Tests with Guass. British Fire Prevention Committee, No. 172. London, 
1912. 
FowLer’s MEcHANICAL ENGINEER’S Pocket Book 1913, edited by William H. 
Fowler. Manchester, England, Scientific Publishing Co 
An litior r aeful too If it is better the an the previous editions, it is & I yood 
K ndeed 
Dit GRUNDLAGEN DER DEUTSCHEN MATERIAL UND BAUVORSCHRIFTEN FUR 
DAMPFKESSEL, R. Baumann and C. V. Bach. Berlin, 1912 
Dit HyDRAULISCHEN SCHMIEDE-PRESSEN, Franz Jos. Hofmann. Berlin, 1912 
LUFTSCHRAUBEN. LEITFADEN FUR DEN BAU UND DIE BEHANDLUNG VON PRo- 
PELLERN, Paul séjeuhr Frar kfurt a. M., 1912 
MODERN ORGANIZATION AN ExXposiITION OF THE UNIT System, C. DeLano 
Hine Ve York, Engineering Magazine Co., 191 
NATIONAL ELectTric Ligut ASSOCIATION Michigan Section First Convention, 


1912 Detroit, 1912 Gift of association 

New ENGLAND ASSOCIATION OF Gas ENGINEERS. Proc. 41st annual meeting 
Boston, 191 Gift of association 

NEW ORLEANS SEWERAGE AND WaTER Boarp. 25th Semi-Annual teport, 1912 
Vew Orlear (912. Gift of board 

New York Citry.Boarp oF WaTER SuppLy. Contract 79, 94, 109. A York 
EE Gift of board 

New YorkK ELeEctTRICAL Society. no. 15. New York, 191 Gift of society 


New YorK StaTeE EpucaTioN DEPARTMENT. ORGANIZATION AND INSTITU- 
rions October 1911. Gift of education department 

Les NOUVELLES RECHERCHES EXPERIMENTALES SUR LA RESISTANCE DE L’ AIR 
ET L’AVIATION FAITES AUX LABORATOIRES DU CHAMP DE MARS eT D’At 
rEvIL, M. G. Eiffel. Paris, 1912. Gift of author 

Onto ENGINEERING Society. Report of 33d Annual Meeting, 1912. Cleveland, 
191 Gift of society 

ORGAN FUR DIE FORTSCHRITTE DES EISENBAHNWESENS Vierzehnter Ergian- 
zungsband Fortschritte der Technik des deutschen Ejisenbahnwesens in 
den letzen Jahren. pt. 8. Wiesbaden, 1912 

AN OUTLINE OF THE METALLURGY OF IRON AND STEEL, A. H. Sexton and J.S.G 


Primrose ed. 2 Manchest Scientific Publishing Co.. 191 


4 Sa tl (slase i hnical ¢ ge, & thi K 18 | 
p r ex , I hie ithors { nt t tha tex rn I r 
re r r tnotes to t iginal ree 
c r I t I t K has a plet x tha 
Eng \ Che treatment of all steels, electric furnaces, and heat treat 
gh 4 rief, is representative of tl yt modern practice 


PRATIQUE DES TuRBINES Martnes, L. Jauch et A. Masméjean. Toulon-Paria, 
1912 

Rartway Liprary, 1911, Slason Thompson. Chicago, 1912. Gift of author. 

REPORT ON LEGAL AND FRANCHISE Matrers CHARTER AMENDMENTS TO THE 
Boarp or Supervisors City or SAN Francisco, B. J. Arnold. Preliminary 
Report No. 13, Part 1, submitted November 5, 1912. Gift of author. 

REPORT ON RELIEF OF TRAFFIC CONGESTION ON LOWER MARKET STREET, B. J 
Arnold. Preliminary Report No. 6, submitted October 30, 1912. Gift of 
author 
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SELEcT BIBLIOGRAPHY OF RECENT PUBLICATIONS ON THE HELPFUL RELATIONS 


OF EMPLOYERS AND EMpLoyepb, compiled by Winthrop Talbot. Cleve 
1912. 
STEAM PowerR PLANT ENGINEERL G. F. Gebhardt. ed. 3. New York, 191 
THE STERLING Destructor. New Yorl Gift of Griscom-Russell Co 
STRUCTURAL DeTAILS OF Hip aND VALLEY Rarters, C. T. Bishop. New } 
J. Wiley & Sons, 191 
rhe book is written for the use of structural draftsmen Che author is a member of the faculty 
f Sheffield Scientific School 


STUDY OF THE COLLECTION AND DISPOSAL OF THE SEWAGE OF THE RICHMOND 
DIVISION Preliminary reports on the disposal of New York’s sewage, 
September 1912. New York, 1912. Gift of Metropolitan Sewerage Com- 
mission of New York 

Stupy or TrRoLuteyY Licnt FREIGHT SERVICE AND PHILADELPHIA MARKETS IN 
THEIR BEARING ON THE Cost or Farm Propucs, C. L. King. Philadelphia, 
1912 Gift of Philadelphia Department of Public Works 

TABLE OF ANGLES OBTAINABLE ON THE DivipinG Heap, C. W. Ripsch and P 
W. Hirsch. 1912. Gift of C. W. Ripsch 

[EMPERATURMESSMETHODEN, Bruno Thieme. Berlin, 1912 

THEORY OF ENGINEERING Drawina, Alphonse A. Adler, Mem.Am.Soc.M.1 
New York, D. Van Nostrand Co., 1912 


gned for use as a textbook It aims to give a more mplete presentation of the tl at 


TorFkrart, F. Bartel. Berlin, 191 

Der WIDERSTAND UND ANTRIEB VON SCHIFFEN, Ing. Rothe. Berlin, 1912 

YaLeE UNiversity Liprary. List or ENGINEERING PerRriopicaLs. New Haver 
1910. Gift of university 


Girr OF OFICINA DE DeEposito, REepaRTO yY CANJE INTERNA- 
CIONAL DE PUBLICACIONES. URUGUAY 
ANUARIO ESTAFISTICO DE LA REPUBLICA ORIENTAL DEL Urvuauay 1907-1908 


vol. 2, pt. 2 Montevideo, 1911 


APUNTES DE ZOOGRAFIA PARTE PRIMERA VERTEBRADOS POR SEVERIANO DE OLEA 
Montevideo 


COMISION DE ESTUDIOS PARA LA PROVI N DE AGuas AL MoNICcIPIO DE MonrerE- 


vipEO. Informe de la Comisio1 VM ontevideo, 1901 

CONSTITUCION DE LA REPUBLICA ORIENTAL DEL Uruauay, P. v. Goyena. Monte 
t leo, 1887 

REGLAMENTO DE ESTIVADORES FORMULADO POR LA COMANDANCIA DE MARINA 


y CAPITANIA GENERAL DE PUERTOS APROBADO POR EL SUPERIOR GOBIERNO 
Montevideo, 1887 


EXCHANGES 


AMERICAN Rattway Master Mecuanics’ Association. - Proc. of 45th Annual 


Convention Chie 12? 


NATIONAL ASSOCIATION OF CoTTON MANUFACTURERS. Trans. no. 92. Boston 
1912. 
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JorTH East Coast LNSTITUTION OF ENGINEERS AND SHIPBUILDERS. Trans 


Vi a. Neu ca 3tle upon-T y1 e, 19] 
«1 I NAaVAI A RK HITECT®S \ p> \VLARINE | NGINEER:RFE List 1 Vembers 
) Ve Y ork 19] 


TRADE CATALOGUES 


Bi IN W SI \CER Co., Hartford, Con? Automobile forgings and tools, 1912 
. K 


7S pp.; dogs and clamps; catalogue of fine tools and specialties, 24 pp 


logue of patent improved drop hammers and other forging machinery 


He roL Co., Waterbury, Conn Bull. Ne 133, recording wattmeters for direct 
snd alternating current, May 1912, 39 py Bull. No. 138, electric time 

rder, September 1912, 15 pp.; Bull. No. 139, mechanical time recorder 

August 1912, 7 pp.; Bull. N 1200, Class II, recording thermometers 


BuRHORN, Epwin Co., New York. Cat. ‘“‘Burhorn’’ and ‘“‘Acme”’ cooling towers 
16 pp 
Cramp, Wma. & Sons, Philadelphia, Pa. Cramp’s gear bronze 1912 
Fawcus MAcHINE Pittsburgh, Pa. Cut herringbone gears 
GENERAL EI rric Co., Schenectad ae B \o. A-4036, direct-curre 
exciter panels, October 1912, 8 pp.; Bu \-4037, isolated and sma 
nt switchboards. O er 1912, 14 pp.; I ». A-4039, direct-current 


or ting ! pe reg ting rhe t ind panels, October 1912 

B o. A-4040, contractors for indust: service, October 1912 

lO pp B P A-4042, aluminun ghting arresters for alternating 

irrent circuits, October 1912, 36 pp.; Bull. No. 4974, current-limiting rs 

October 1912, 6 pp.; Bull. No. 4993, Type RI single-phase motors 

Oletoher O12 ry Bu \ 19907 ilternating-current switchboard 
(,;ooprRicH, B. F. Co., Akron, O. Cat. 1910, 171 pp 

JOHNS-MANVILLE Cc Ve Y orl I-M roofi alesman, November 1912 


RTH WESTERN EXPANDED Meta. Co... ¢ ( ( Expanded metal 


kK-F RED STOKER Co. or AMERICA, Chic Publicity magaz 


UNITED ENGINEERING SOCIETY 


1M [CAN LIBRAR’ \ OCIATION B llletll Ju y 1912 Paper ind Proceed 
ngs of the Ottawa Conference Chicago, 191 Gift of W. P. Cutter 
LCULATING Circe, Geo. M. Purver Brooklyr \ } Z Gift of author 
TANGIBLE VALUI 9 Evectric Ligut AND PowreR Companies, Wm. J 
Hagenal Before the Northwest Electric Light and Power Association 
September 11, 12, 13, 1912 191 Gift of author 


INTANGIBLE VALUES OF ELECTRIC RAILWAYS AND THEIR DETERMINATION FROM 
Accounts, Wm. J. Hagenal Before National Electric Railway Associa- 
tion, Chicago, October 8, 1912. 1912. Gift of author 

METHODS FOR THE ANALYSIS OF IRON AND STEEL USED IN LABORATORIES OF THI 
AMERICAN ROLLING Mitt Co., Middletown, O Middletown 1912. Gift 


i Company 
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TRADE CATALOGUES 


BurraLo Wire Works Co., Buffalo, N. Y. Cat. No. 5, 1904, 111 pp 

De Witt Wire Cioran Co., New York. Cat. No. 80, 1909, 148 pp.; wire cloth 
price list and standard gages adopted March 7, 1899 and March 14, 1900 
40 pp.; revised list of wire ropes and wire cords, 1911, 11 pp. 

Estey Wire Works Co., New York. Cat. and price list (wire cloth), No. 20, 
63 pp.; Cat. No. 19, wire work, 68 pp 

LIBERTY MANUFACTURING Co., Pittsburgh, Pa. Circular of boiler tube cleaner, 
4 pp. 

New JerseEY WrirE Ciots Co., Trenton, N. J. Cat. No. 62, 1911, 45 pp 

PARKER WiRE Goops Co., Worcester, Mass. Cat. No. 3, June 1909, 200 op 

Wricut Wire Co., Worcester, Mass. General catalogue of wire, wire fabrics and 


wire products, 1912, 224 pp 
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